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CHAPTER I. INTRODUCTIŒ 
In recent years, the United States as well as other nations, has 
become increasingly concerned with availability of energy resources to 
meet increasing energy demands. Energy projections indicate an increas­
ing gap between available supplies of energy resources and the demands 
for energy. 
Three major options for closing this energy gap appear within the 
continuum of possibilities. These options are (1) reducing energy con­
sumption through the market mechanism and institutional constraints, (2) 
increasing energy supply through technological and institutional innova­
tions or (3) a combination of the two. 
Within the short term, the next five years, the first appears most 
viable. Over the longer term, the second option appears most fruitful 
provided substantial efforts are devoted to research on and implementation 
of technologies and institutions. The third option may well become transi­
tional between the first and second. In total, natural resources for 
potential energy appear unlimited; the major problem is to convert these 
potentialities into available energy. Considerations for developing and 
appraising these options are the primary concern of this study (65, 135). 
The formulation of an energy policy depends upon expectations regard­
ing future energy supply and demand. Today, given the present energy 
crisis, correct assessment of energy prospects becomes especially impor­
tant for planning future regulations, tax, environmental protection and 
other policies. Efficient allocation of limited funds for energy research 
and development becomes very important. The lag of time from initial 
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commitment of funds to major breakthroughs in technology and its actual 
commercial utilization may be decades. 
The current and prospective energy situation is confounded with 
numerous conflicting and confusing elements. Estimation of demands and 
supplies for energy resources becomes important when clarifying the 
issues involved in bringing supply and demand into equilibrium. Use of 
prices and/or controls, to close the gaps of demands for and supplies of 
energy resources, have important implications for productivity and income 
distribution. Furthermore, policy implications are associated with vary­
ing degress of government intervention, that range from policies of 
laissez-faire to public utility regulations to public ownership. 
Confronted with these confusing and conflicting elements, the 
general purpose of this study is to develop an analytical framework for 
estimating present and future demands and supplies of energy resources as 
well as appraising their interactions. By applying this analytical frame­
work, alternative policies aiming to induce higher levels of availability 
of energy reserves or reduce per capita demands for energy will be 
developed. 
Nature and Meaning of Energy Resources 
III proceeding with this study, it appears necessary to examine the 
meaning of energy resources within the context of their relative availa­
bility, relating to the conditions of demand and supply. 
Energy resources are means of attaining given ends and they acquire 
value when they are relatively scarce, relating to demand. Energy re­
sources are defined as a subset of natural resources and they are made 
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useful to man through technologies of development and use. According 
to Hamilton (52, p. 262) "It is technology which gives value to the 
stuffs which it processes, and as the useful arts advance the gifts of 
nature are remade. . . with technology on the march, the emphasis of 
value shifts from the natural to the processed good." 
Viewed in this light, energy resources are comprised of solar 
radiation, thermal energy derived from the interior of the earth, hydro-
power, fossil fuels, chemical energy, nuclear and thermonuclear energy, 
oceanic tides and wind current.^ 
Considerations of some fundamental relationships underlying man's 
activities become important in understanding the nature of energy re­
sources. Two of these are the properties of matter and energy. From 
this viewpoint, the earth may be regarded as a material system whose 
losses or gains of matter are negligible at least over the period of time 
that may interest our society. Within this material system, however, 
there is a continuous flux of energy. 
The energy flow diagram in Figure 1.1 represents the major flows 
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of energy into and out of the earth's surface. The energy inputs into 
the earth's surface are principally from three sources: 1) energy 
derived from the sun by means of solar radiation; 2) energy derived from 
•^Energy is the capacity to do work. Ttie word energy is derived from 
the Greek word evspvei-cy which means activity (from e-^-epyov- at work) 
(19). 
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Concerning energy sources on earth, man's capacity to do work as 
well as the capacity of other beings should be included. This study, 
though, will not take into consideration these sources of energy. 
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mechanical kinetic and potential energy of the earth-sun-moon system 
(such as oceanic tides, wind and tidal currents), and 3) the energy 
derived from the interior of the earth in the form of outward heat con­
duction, and heat convected to the surface by volcanos and hot springs. 
Another source of energy of much smaller magnitude is the energy received 
by radiation from the stars, the moon and the planets (65). 
The energy flux that arrives on the earth, after a series of 
irreversible degradations reduces to thermal energy at the lowest temper­
ature of its surroundings; after which it is radiated from the earth in 
the form of long-wavelength, low-termperature radiation. It is during 
this energy flux and degradation that the material constituents of the 
earth's surface are circulated so that the wind blows, rain falls, rivers 
flow, tides and waves are formed, plants grow, animals eat, move about, 
procreate and die. 
The sources of energy can be divided into two subgroups: 1) primary 
sources of energy and 2) secondary sources of energy- Primary sources of 
energy are those sources which can be used for the production of a differ­
ent form of energy. These may be classified as follows: a) fossil fuels, 
which may be broken into coal, petroleum, natural gas (dry and liquid), 
shale and tar sands; b) wood; c) water; d) heat, which comes from the 
interior of the earth (gesthersal hear); e) radiation from the sun; g) 
uranium, thorium and denterium, used in the generation of nuclear power; 
h) wind and i) tides. 
Secondary sources of energy, refer to sources which are generated by 
using primary sources of energy. Secondary sources of energy may be 
classified as follows: a) synthetic sources of energy, which are the 
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Figure 1.1. Major flws of energy into and out of the earth's surface. 
^Adapted from King M. Hubbert "Energy Resources" A Report to the Committee of Natural 
Resources of the National Academy of Sciences--National Research Council, Publication 1000-D, 
Washington, 1962, p. 2. 
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gas and oil produced from coal, shale or waste materials; b) electricity 
which can be produced from fossil fuels, nuclear power, hydropower, solar 
energy, etc.; c) hydrogen, which can be derived from the decomposition of 
water, and requires the use of fossil fuels, nuclear power, solar power, 
etc.; d) petroleum products, which denotes the byproducts of petroleum 
which are obtained by refining processes and they are as follows: gaso­
line, jet fuel, distillate fuel oils, petro-chemical feedstock (nonenergy 
use), was (nonenergy use), road oil (nonenergy use) and liquified gases. 
The Increasing Rate of Growth of 
Consumption of Energy Resources 
Energy is consumed both in the form of primary sources and secondary 
sources. But, as it was said in the preceding section, secondary sources 
of energy are generated by using some primary source. Therefore, consump­
tion of secondary sources of energy necessarily impinges upon the availa­
bility of primary sources of energy. Reliance upon exhaustible resources 
coupled with higher levels of consumption are expected to widen the gap 
between demand and supply of energy in the future. Shortages of energy 
have already appeared and planning for the future becomes essential to 
avoid new ones. 
Consumption of energy 
The United States has only 6 percent of the world's population but 
consumes about 35 percent of the world's energy supply. In general, high 
per capita consumption of energy is a prerequisite for high output of 
goods and services. There is indeed a rough correlation between per 
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capita consumption of energy and gross national product (25). 
Total consumption of energy in the United States in 1972 was 
estimated at 72,091 trillion BTU which is 4.9 percent higher than the 
level of energy consumption of the previous year (140, p. 1). The 
fossil fuels (i.e., oil, gas, and goal) provided 95 percent of the 
total energy consumed during 1972. The remainder was provided by 
hydroelectric, nuclear and geothermal sources (112). About 19.7 
percent of the crude petroleum and almost 30 percent of the total 
petroleum supply were imported compared with 22.4 percent of the 
total petroleum supply imported in 1965 (141, p. 2; 142, p. 2). 
The U.S. annual gross energy consumption as of mid-1973 was 
73,836 trillion BTU which is 223 percent of the amount used in 1950 
(23, p. 9). Table 1.1 illustrates the fact that petroleum is the 
major fuel used to meet our energy needs; and it does so at a rate 
of two and a half times more than coal, and one-third more than 
natural gas. 
Per capita energy consumption 
The per capita energy ccnsu-.ption--i.e. , the total energy 
consumed each year divided by the number of people in the U.S.— 
in 1971 in the U.S. equaled 334.6 million BTU, or the equivalent of 
2,677 gallons of gasoline (23, p. 13). Figure 1.1 shows che actual 
per capita consumption of gross energy for the period 1947-1973 and 
projections for 1974-1985. 
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Table 1.1. United States annual gross energy supply as of mid-1973: 
percent of total demand^ 
Net domestic Net import Totals 
Source Production (%) (%) (%) 
Pecroleumb 29.9 14.5^ 44.4 
Natural gas (dry) 30.6 1.4 32.0 
Coal 19.6 -2.1 17.5 
Hydropower 4.0 — —  4.0 
Nuclear 1.0 — — 1.0 
Wood^ 1.4 1.4 
Totals 86.5 13.8 100.3® 
Source. (23, p. 9). Citizens' Advisory Committee on Environmental 
Quality. "Citizen Action Guide to Energy Conservation" U.S. Government 
Printing Office, Washington, B.C., Library Congress Catalog Card No. 
73-87221, September 1973, p. 9. 
^Includes natural gas liquids. 
c 
Assumption is made that short-fall between demand and supply will 
be made up by increased oil import. 
d 
Rough estimate (scrap wood is used as a fuel, primarily in wood-
processing plants). 
Sum does not equal 100 percent because of rounding last decimal: 
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Consumption of energy by sector 
The percentage of the mid-1973 end use consumption of energy by 
sector in the U.S. was: 32.1 for the industrial sector; 25.1 for trans­
portation sector (of which 10.8 percent was consumed by public transporta­
tion and 14.3 by private autos); 17.6 percent was used by electric utili­
ties; 12.6 percent was used by the commercial sector and an equal per­
centage of 12.6 by the residential sector (23, p. 11). 
Table 1.2 presents the projected consumption of energy by sector. 
It can be seen that the consumption of energy for nonenergy uses and for 
electricity generation are expected to have the highest rates of growth. 
Policies directed to bridge the existing gap between the demand and 
the supply of energy resources, may operate by distinguishing between 
three different time horizons: 
a. The very short-run where there is not much that can be done 
from the supply side except perhaps limited substitution of 
different sources of energy within their total availability and 
increased imports. From the demand side existing supplies could 
be rationed either through prices and taxes or by institutional 
arrangements (such as coupons or other), or a combination of 
the two. 
be The short-run allows us not only tc get the effects cf the 
substitutability of different energy sources but also the 
possibility of new discoveries and expansion of already known 
sources of energy (for example secondary recovery). 
Table 1.2. Total U.S. energy consumption by consuming sector^ 
Consuming Trillions of BTU's^ 
sector 1960 Percent 1970 Percent 1975 Percent 1980 Percent 1985 
Residential/ 
Commercial 9,426 21.1 12,994 19.1 14,733 17,6 16,669 16.2 18,768 
Industrial 13,056 29.3 17,798 26.2 20,039 24.0 22,341 23.9 24,667 
Transportât ion 10,817 24.2 16,2:32 24.0 19,905 23,8 23,870 23,2 28,214 
Electric 
utilities 8,387 18.8 16,695 24.8 23,525 2 8 . 2  32,996 32.1 44,363 
Nonenergy^ & 
miscellaneous _2j916 6.5 4,0.58 6.0 5,279 6.3 6,705 6.5 8.930 
Total 44,602 100 6 7 , 8 2 7  100 83,481 100 102,581 100 124,942 
^Source: Energy Demand Task Group "U.S. Energy Outlook, An initial appraisal 1971-1985" An 
Interim Report of the National Petroleum Council, Washington, July 1971, p. 21. 
^Includes fossil fuel consumption lo each sector. The nuclear and water power outputs are 
converted to fossil fuel input equivalents at average central station heat rates and are included in 
the electric utility sector. 
^The nonenergy uses include lubricants, asphalts, petrochemicals and other raw materials. 
Table 1.2 Continued. 
ConsuioinK Average annual percentage growth rates 
sector Percent 1960- 70 1970-75 1975-80 ~ 1980-85 ~ 1970-85 
Residential/ 
Commercial 15.0 3.3 2.6 2.5 2.4 2.5 
Industrial 19.7 3.1 2.4 2.2 2.0 2.2 
Transportation 22.6 4.2 4.1 3.7 3.4 3.7 
Electric 
utilities 35.5 7.2 7.1 7.0 6.1 6.7 
NonenergyC & 
miscellaneous 7.1 5.4 4.9 5.9 5.4 
Total 100 4.,:} 4.2 4.2 4.0 4.2 
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c. The long-run becomes particularly important because of the 
potentiality of the generation of new technologies (such as 
new methods of increasing the recovery of oil and gas, new 
energy transportation methods> advanced nuclear technology, 
development of commercial processes for flue-gas desulfuri-
zation and for manufacture of synthetic liquid and gaseous 
fuels from oil shale and coal) and the discovery of new 
sources of energy,. 
The National Petroleum Council Committee on U.S. Energy Outlook has 
already started to develop additional analyses of changes in industry 
and or government programs and policies and changes in economic conditions 
which would lead to the following effects (92, p. 7): 
a. increase indigenous energy supplies; 
b. enhance the environment ; 
c. maintain the security of the nation's energy supplies 
VA • ^ ^ W J. jm LAC XO ^ 
particularly through technological research and development. 
The Problem Delimited For This Study 
This study will deal only with some of the conflicting elements that 
characterize the energy situation as it relates to the sufficient availa­
bility of energy resources. 
As long as energy resources were abundant there was little concern 
about their availability and the effects of their use. However, energy 
resources have become increasingly more scarce as a result of population 
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growth, unrestrained exploitation, affluence associated with higher per 
capita real income levels and technological advance?= The abundance or 
scarcity of energy resources are relative concepts and are derived from 
the demand for and from the use of these resources. 
Existing projections of future energy demands do not emphasize the 
price effects. Also, no effort is made to measure the substitution 
effects among different sources of energy. Knowledge of the elasticities 
and crosselasticities of demand can be of considerable help in determining 
relative responsiveness to prices and income and the possibility of sub­
stitution of energy resources in satisfying a given demand. Because all 
the energy fuels are related to one another through different possible 
substitutions, a shortage of one fuel is passed on to another. Identifi­
cation of those uses in which transfers between different sources of 
energy are most likely to occur in response to changing costs and 
relative prices becomes important. 
Sufficient domestic energy supplies are necessary both to assure an 
uninterrupted growth of the economy and also for national security. 
Existing estimates of the available reserves of energy resources are 
based on restrictive physical and economic assumptions. Economic supplies 
of energy, linked to the physical reserves and market prices need to be 
derived. Policies aiming at self-Sufficiency of energy resources should 
be evaluated with respect to the associated benefits and costs. If 
increased demands for energy are to be met with increased domestic pro­
duction, then the investment requirements to sustain higher levels of 
supply will have to be determined. Before policies, aiming to close the 
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gap between future demands and supplies are adopted, a more thorough 
examination of specific demands and the characteristics of individual 
supplies should be made. In particular the major determinants of the 
demand and supply of energy resources should be identified and measured. 
Policies of self-sufficiency should be compared with policies where 
imports are included as an additional source of supply. Existing tech­
nologies and institutional arrangements must be recognized as important 
factors in determining both the availability of energy resources (by 
amounts and quality) and the demand for these resources (by amounts qnd 
quality). 
Objectives of the Study 
Within the context of the problem delimited for this study, the 
objectives are as follows: 
lo to identify and estimate the major determinants affecting the 
present and future demands for and supply of energy resources; 
2. to develop an analytical framework for appraising the inter­
actions of the demand and the supply of energy resources as 
well as the intra-actions among demands for energy and the 
intra-actions among supplies of energy; 
3« Lo apply this firâinêwOïk by uêVclOpiïig, â ûiâCïOcCûïiOiûiC ûiOuc 1 
for the U.S. petroleum industry; 
4. to develop and appraise alternative policies by utilizing 
the above estimated economic model; and 
5. to outline further research needs, with priority attached 
to them. 
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Methods and Procedure 
Assessment of the present demands and supplies of energy resources 
becomes the starting point of the analysis. These demands and supplies 
are assessed with regard to their physical characteristics, economic 
conditions and institutional arrangements. Focus is upon the possibili­
ties of substitution of different sources of energy to satisfy present 
and future demands. The role of technology will be here recognized as 
a key element for the future availability and use of energy resources. 
In order to formulate policies which will bring together the future 
demands and supplies of energy resources, the use linkages between the 
demand and the supply will be identified. The analytical framework will 
be applied to the U.S. petroleum market by formulating an open macro-
economic model. Multiple regression analysis will be used to estimate 
the equations of the postulated economic model. The equations of the 
model will comprise a demand equation, a supply equation and an import 
equation from which the elasticities and crosselasticities will be com­
puted. Some of the variables included, apart from prices and real 
income, will be population, the assets of the petroleum industry and the 
estimated proved reserves of petroleum. 
The macroeconomic model will be first tested and then used for 
projections into the future under alternative assumptions with regard 
to the exogenous variables. Projections will be made for the years 1980, 
2000, and 2020. Alternative policies necessary to induce higher levels 
of supply or reduce energy demand will be discussed. In particular, 
attention will be focused on the price effects for ths demand and supply 
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and the future possibilities of substitution of energy sources. Also, 
a policy of self-sufficiency will be studied as opposed to a policy rely­
ing upon imports and the necessary investment requirements and availa­
bility of physical reserves will be determined. 
Organization of thio Report 
Chapter I presents the existing situation of the energy economy 
and defines the problem to be studied, and the objectives of this study. 
Energy resources are defined and a description of the major flows of 
energy into and out of the earth's surface environment is presented. 
In Chapter II the interactions of the demand for and the supply of 
energy resources will be studied. Their use linkages will be identified 
and attention will be focused upon the problems of measurement, the 
external effects and the concept of substitution. The first two Laws of 
Thermodynamics and the concept of decision tree will be presented because 
of their significance %ith respect to the availability of energy and the 
process of relating demands to specific resources. Finally, the optimiz­
ing elements of the demand and supply framework for energy will be 
summarized and the limits and possibilities of technology will be dis­
cussed. 
Chapter III deals with the application of selected concepts pro­
vided by economic theory in the field of energy resources. Theoretical 
tools of supply and demand theory are presented, and their application 
in the core energy resources is shown. The quantitative demand is 
studied separately and a number of different views with respect to 
resource availability and demand for these resources are presented. 
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Classical economists such as Adam Smith, David Ricardo and Thomas Malthus 
are cited, as well as the theories cf neo-malthusians and of their 
opponents. In particular, attention is placed upon the review of a 
number of studies dealing with the present and projected demands for 
energy and the relative efficiency of utilization. 
Chapter IV deals with the supply of energy resources. Physical and 
economic supplies are differentiated and the characteristics of specific 
sources of energy are discussed. Primary and secondary sources of 
energy are studied with respect to their physical availability, economic 
and institutional organization, and their conversion efficiencies and 
substitution possibilities. 
In Chapter V, the open macroeconomic model estimated for the U.S. 
petroleum market is presented and the estimation procedures are explained. 
Discussion of the single equations, their elasticities and cross-
elasticities and of the model with respect to their meaning and predic­
tive ability fellows. 
Chapter VI presents the projections made by using the empirical 
model under alternative assumptions. These assumptions are discussed and 
the results of the projections are presented. The chapter concludes with 
the policy implications of the empirical results and these are compared 
with similar existing studies. The last chapter. Chapter VII, presents 
the conclusions of this study, discusses its limitations and provides 
recommendations for further research. 
18 
CHAPTER II. INTERACTIONS OF DEMAND AND SUPPLY 
Planning for future availability of energy resources to meet higher 
levels of demand, requires knowledge of the special characteristics of 
the demand for and the supply of energy. In particular, understanding 
of the interactions of the demand and supply becomes crucial in adopting 
policies to avoid future shortages. This chapter deals with the issues 
arising when demands and supplies are brought together. 
Scarcity of energy sources arises not only because there is a finite 
amount of some of these resources (stock energy resources) but also be­
cause labor, capital and other productive resources needed to supply 
energy, are scarce. Quality differentiations both in terms of 
heterogeneity of energy supplies and quality differentiation of demand 
according to uses, may also act as an added constraint to relative scar­
city. This forces decisions about which energy resources are to be used 
and how the product is to be distributed so as to maximize satisfaction 
within the existing constraints. 
In a market economy, it is the interplay of demand and supply that 
determines the equilibrium price in each market. Each market is related 
to every other market in the economic system and so are the prices. The 
perfect-competitive model will allocate resources efficiently provided 
that certain assumptions hold true. 
This chapter will first deal with the objective function which is 
implicitly optimized in the process of linking demands for and supplies 
of energy. Before the use linkages of the demand and supply of energy 
are presented attention will be placed on some fundamental physical 
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relationships with respect to the availability and use of energy 
resources- The concepts of externality and substitution will be given 
special attention as they related to the demand and supply for energy. 
Finally the optimizing elements in linking demands and supplies will be 
discussed and the limits and possibilities of technologies will be dealt 
with as they relate to energy resources. 
Nature of the Objective Function 
Any planning process is implicitly trying to optimize a given 
objective function. The objective functicti can be of different forms and 
contains as arguments the goals which society wants to achieve at a point 
in time. There may be also different weights attached to each of the 
different goals at any given time. 
Economic growth, quality of natural environment, full employment, 
inflation control and income distribution compete as major national 
goals (149). 
Environmental quality^ for example has become a major national con­
cern but this is only one of the major goals that society is pursuing 
and therefore all of them have to be approached jointly. There is 
possibly also a competitive relationship among the major goals in that 
ULIC OU UClJLLUltCLIl. Vi. A i. UC& J. Li XOVOX V j. WLIC WJ. UlLO ^WCIJLO tlldV LfC y 1. C V. i. UU. J. L&g 
the attainment of one or more of the specified levels of the remaining 
^Environment and natural environment refer here to the totality of 
natural resources. The term includes also the intricate interrelation­
ships between and among the living and nonliving resources which con­
stitute ecosystems and biomes (134). 
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goals. Economic growth can be defined as the annual increase in gross 
national product. Full employment is defined in terms of an acceptable 
level of people employed in any given time. Inflation is the increase 
in money value of a particular amount of goods and services. But agree­
ing upon a definition of environmental quality is much more difficult. 
There are still public discussions in the legislative, executive and 
judicial processes of government in order to set concrete and unequivocal 
quality standards. 
The welfare of a society depends upon the levels of satisfaction of 
2 
all its consumers. Usually, alternative social states have favorable 
effects on some people and unfavorable effects on others. Welfare com­
parisons could be made easily, if it were possible to aggregate utilities 
into a single utility function. But interpersonal comparisons of utility 
are not possible. The economist can determine whether a particular state 
of the economy involves an efficient allocation of resources, or how to 
liiv V c J. X vui V&&C o uouc L. aLivkiiCi. anu. wiiat- une KJX. O mwvco 
could be. But when a particular move, involves unfavorable effects upon 
some member of society then reliance on some knowledge of the social 
welfare function must be made. 
The optimal solution is obtained from the point of tangency between 
the possibly achievable transformation curve and society's social objec­
tive function. 
2 
Statements of this kind are based on value judgment and therefore 
become extremely difficult to prove them (55, p. 255). 
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Availability of Energy and the Entropy Law 
Before attention is placed upon the demands for and supplies of 
energy resources and their interactions, some important physical rela­
tionships underlying the availability of energy must be dealt with. 
Energy is necessary for the production of goods and services and 
it becomes less available as it is used. Furthermore, once energy 
resources have provided their services, their material substance does not 
disappear but a residual is generated which in some instances could be 
reused.^ 
There are two distinct qualitative states of energy. The first is 
available or free energy, which man can utilize. The second is unavail-
2 
able energy, which man cannot use. Available energy implies some 
ordered structure and unavailable energy is energy dissipated in dis­
order (47, p. 14). This distinction of the qualitative states of energy 
stems from the Entropy Law which is sometimes called the Second Law of 
Thermodynamics. 
The Entropy Law, states that the order of a closed system steadily 
turns into disorder. In other words, any isolated material system that 
originates in one equilibrium state and terminates in another, always 
^his last point can be further exemplified by the First Law of 
Thermodynamics, the Principle of Conservation of Matter-energy. This 
states that man can neither create nor destroy matter or energy. Accord­
ing to this law of thermodynamics, man cannot produce something material, 
rather he can only transform existing matter or energy into different 
qualitative forms which can render services to meet his wants. 
2 Georgescu-Roegen (47, 48) uses the terms unavailable or bound 
energy. This term will not be used here because of the confusion that 
may generate about the definition of the word. 
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suffers an increase in entropy, never a decrease (123).^ The first two 
laws of thermodynamics indicate that the process is undirectional and 
irreversible. Therefore, the entropy of the universe is continuously 
increasing. 
By using the above stated laws of thermodynamics, it can be deter­
mined that what goes into the economic process is matter-energy in a 
state of low entropy, what is, then received in matter-energy in a state 
of high entropy (increased disorder). 
Georgescu-Roegen (47, p. 197) argues in much stronger terms 
What goes into the economic process represents valuable natural 
resources and what is thrown out of it is valueless waste. . .the 
entropie degradation of the universe as conceived by Classical 
Thermodynamics is an irrevocable process: the free energy once 
transformed into latent energy can never be recuperated. 
Taking as an example a piece of coal, which contains valuable 
chemical energy, man can transform it into heat or mechanical work. By 
burning this piece of coal, its chemical energy will be neither increased 
nor decreased (First Law or Thermodynamics). Once the initial free energy 
has become dissipated in the form of heat, smoke, and ashes, one can say, 
given the present technology (impossibility of reutilizing the smoke or 
the ashes), it has become unavailable to man (Second Law of Thermo­
dynamics) . 
A closed system can be illustrated as a room in which there is an 
electric stove with a pan of water that has just been boiled. The 
Entropy Law states that the heat of the boiled water will be continuously 
"Entropy (which in Greek means "evolution") can be presented as 
fellows: S = Q/T where S is the increment in entropy, Q the heat trans­
fer and T the absolute temperature at which the transfer is made. 
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dissipated into the system until the temperature becomes uniform through­
out, i.e., until thermodynamic equilibrium is attained. Furthermore, the 
Entropy Law explains that once the thermodynamic equilibrium is attained, 
the water will not start boiling again by itself. The electric stove 
must be turned on again to activate the boiling action. This would not 
mean the Entropy Law had been defeated, rather that some low-entropy 
(available energy) is brought into the system from an external faction. 
If the closed system is now enlarged to include the plant generat­
ing the electrical current used by the stove, the Entropy Law states the 
decrease in the entropy of the room has been obtained only at the cost of 
a greater increase in entropy elsewhere. As Georgescu-Roegen puts it, 
"In entropy teirms, the cost of any biological or economic enterprise is 
always greater than the product. In entropy terms any such activity 
results in a deficit" (47, p. 15). 
It is because of the irrevocability of the entropie degrada­
tion of matter-energy that, for instance, the peoples from the 
Asian steppes, whose economy vas based cn sheep raising, began 
their Great Migration over the entire European continent at the 
beginning of the first millenium. The same element—the pressure 
on natural resources--had, no doubt, a role in other migrations, 
including that from Europe to the New World. The fantastic efforts 
made for reaching the moon may also reflect some vaguely felt hope 
of obtaining access to additional sources of low entropy that ever 
since the dawn of history man has continuously sought to invent 
means for shifting low entropy better (47, p. 16). 
He has concluded that man's continuous tapping of resources is the 
most important long-run element of mankind's fate. 
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The Decision Tree Implications of Energy Resources 
After presenting the concept of Entropy as it relates to the 
availability and utilization of energy resources, attention will be 
placed now on the concept of "decision tree." This concept deals with 
the availability of future options stemming from decisions taken in the 
past with respect to the utilization of energy sources. 
Decisions with respect to the use of exhaustible stock energy 
resources preclude future options because of depletion. New technologies 
designed to increase the efficiency of utilization will have to be applied 
to a smaller resource base as time goes on. 
Figure 2.1 depicts the decreasing availability of options over time 
in the case of utilization of an exhaustible resource (reaching zero when 
the depletion of the resource occurs) and also the steady flow of alter­
natives available over time in the case of a flow energy resource. 
What arises as an important decision here is the trade off between 
present satisfaction of wants and future availability of stock energy 
resources. 
An interesting example is given by the refining processes of crude 
petroleum. As a given amount of crude goes through successive steps of 
the refinement (where chemical changes take place through different 
temperatures, plumsrization, etc.), the options with respect to different 
combinations of final outputs are severely restricted. 
Given the final output mix and demand conditions an excess supply 
in the market for gasoline and an excess demand in the market of heating 
oil could be created. This is a case where a shortage (or surplus) may 
flow resource 
NJ 
Ln 
exhaustible stock resource 
Tlmb 
Figure 2.1. Availability of options over time 
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arise with no relation to the original availability of crude, rather 
because of a decision about product mix. 
If the quantity of heating oil is to be increased, because of the 
entropie degradation, a larger amount of available energy is needed. 
Gasoline can be transformed into heating oil only through a process which 
results in a deficit both in physical terms and in economic terms. The 
other alternative would be to produce more heating oil by utilizing a new 
supply base of crude petroleum which would also result in a deficit. 
Use Linkages of Demand and Supply 
Dealing with the interactions of the demand for and the supply of 
energy resources requires the identification of their use linkages. 
Furthermore, planning processes aiming to bridge the gap between demand 
and supply must operate within the context of optimization of the social 
objective function. 
Figure 2.2 presents the major demands for and supplies of energy 
resources and their use linkages. Part I comprises the major direct and 
derived demands by people for energy which can be identified and estimated 
as points in time and space. A full treatment of the demand for energy 
is presented in Chapter III. The second part of the table (Part II), 
identifies the sources of energy and their major characteristics. These 
supplies can also be identified and estimated as points in time and space. 
In the previous section of this chapter the entropy law and the 
availability of energy were discussed. The irreversibility of the 
entropie process was pointed out and the degradation of the qualitative 
Figure 2.2. Major demands for and supplies of energy resources and use linkages 
(Timnions, 135, p. 8) 
Ma lor Demands IV. Use Linkages II 
(direct and derived 
by people for energy) 
1. Residential 
(subdemands) 
2. Commercial 
(subdemands) 
3. Industrial 
4. Agriculture 
5. Transportation 
6. Electric Utilities 
7. Miscellaneous 
1. Utilities 
2. Scarcities 
3. Measurement of 
utilities 
a. Ordinal 
h. Cardinal 
(1) Dollars 
(2) Units 
(3) Proxies 
4. Measurement of 
disutilities 
a. Ordinal 
b. Cardinal 
(1) Dollars 
(2) Units 
O) Proxies 
5. Substitutions 
6. Externalities 
7. Optimizing elements 
a. One resource serves 
one demand 
b. Two or more 
resources serve 
one demand 
c. Two or more demands 
served by one 
re s ource 
d. Two or more demands 
served by two or 
more resources 
III. Institutions 
Major Characteristics of Sources of Energy 
1. Amount 
2. Quality 
3. Temporality 
4. Transportability 
5. Storability 
6. Exhaustabllity 
7. Renewabillty 
8. Reversibility 
9. Recycling 
10. SpatialIty 
Primary Sources oi" Energy 
Fossil Fuels: 
coal 
petroleum 
natural gas 
shale oil 
tar sands 
Wood 
Hydropower 
Geotherraal power 
Solar 
Uranium (Nuclear) 
Wind power 
Tidal energy 
Secondary Sources of Energy 
Synthetic 
Electricity 
Hydrogen 
Future Sources of Energy 
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states of energy was stressed. In Chapter IV, energy resources will 
be studied with regard to their quality differentials, temporality, 
spatiality, transportability, and their relative exhaustibility and re-
newability. 
Part III of Figure 2.2 refers to the institutional arrangements of 
the markets for energy resources. The physical (and technological) 
economic and institutional data are interrelated. The physical dimension 
of resource goods answers the question of what is technologically 
possible. Although a continued expansion of physical possibilities is 
necessary to uieet future demands, it should also be determined what is 
economically feasible and institutionally permissible (94, 136). 
Figure 2.3 illustrates the interrelationships between physical, 
economical, and institutional considerations in planning for future 
energy resource availability and demand. The figure depicts the wants of 
the people, the physical attributes of energy resources and the existing 
cecnnology for c'neir ucilizacion and finally the controls exerted by 
institutional arrangements over people's behavior. The physical (or 
technological), economic and institutional data will be dealt with in 
more detail in the following two chapters. A discussion of the limits 
and possibilities of technology will be made in the end of this chapter. 
The major demands and supplies within their economic and institu­
tional arrangements can be linked together through seven main linkages 
which are identified in Figure 2.2. 
Institutional 
K. V>. 
y'Certainty 
of expecta­
tions 
Laws 
and other 
controls 
Flexibility 
of USôS 
Institutional Change 
Resource Conservation 
%ce Change Relative 
costs 
Economical Physical 
Figure 2.3. The interrelationships between physical, economical and institutional considerations 
(94) 
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The first use linkage, "utilities" refers to the satisfaction derived 
by the individual consumer from the consumption of energy resources. The 
second use linkage, "scarcities," refers to the relative scarcity of 
energy resources which is derived from the demand and use of these re­
sources. "Disutilities" are also derived in the process of using a 
particular resource to satisfy a given demand and they have a negative 
effect on the maximization of satisfaction by the individual consumer. 
An ordinal measurement of the utilities and disutilities will suffice 
in many instances (when comparing different situations a "more" or "less" 
measure is sufficient to rank alternatives). Cardinal measurement can 
be expressed either with a price figure in money terms or any other unit 
(which may be a unit of account or goods in a barter exchange). 
When the market system fails to price all the effects in a market, 
then other possibilities are available for inferring market values. 
Among the nonmarket techniques for pricing can be included: shadow 
pricing, villingnsss to pay riethoôs (interview techniques), pricing by 
government decree and methods relating to the Delplix technique (75, 107, 
122) . 
The remaining use linkages presented in Figure 2.2, namely the 
concept of externalities, the concept of substitution and the optimizing 
elements of the demand and supply framework for energy will be discussed 
in the following sections of this chapter. 
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Energy Externalities 
When the utility function or the cost function depend upon the 
activities of another individual or fira respectively, then an external 
effect (or externality) is said to be present.^ The demand for a 
commodity shows the price or marginal resource cost that consumers are 
willing to pay for an additional unit. If marginal cost reflects the 
marginal resource cost society must incur to have an additional unit 
produced then maximum social welfare is achieved when marginal social 
cost equals marginal social benefit. Therefore, externalities can be 
said to arise also when marginal social cost does not equal marginal 
social benefit.^ 
In perfect competition, profit maximization implies that price 
equals marginal private cost. However, in the presence of externalities, 
marginal private cost does not equal marginal social cost. Indeed, 
^Examples of externalities arising in a market-economy are given 
below. Producer-producer, externalities would arise in the case of two 
producers of oil and natural gas pumping from contingent wells. Con­
sumer-consumer externalities would arise in the case of emissions from 
cars polluting the air. Producer-consumer externalities would arise in 
the case of an electric plant discharging heat into a stream and affect­
ing fishing. Consumer-producer externalities would arise in the case 
of a coal mine located in an area and being affected by the labor supply 
of nearby communities. Externalities can be said to be an untreated 
interdependency in a general equilibrium framework when relevant effects 
on production or consumption go wholly or partially unpriced (88). 
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perfect competition in Pareto optimal provided there are no external 
effects in consumption and production^ (39, 12, 55, 72). 
When the price system fails to capture the external effects present, 
2 
then a Pareto optimal allocation is not likely to be achieved. Imper­
fect competition among producers or consumers also, will violate the 
3 f3_rst order ccndxtxons for Pareto optimal%ty. 
A market economy can be lead from a Pareto-nonoptimal allocation 
to a Pareto optimal allocation either through systems of taxes and 
subsidies or through private negotiation or by legal compensation and 
A-
finally by internalization, i.e., through merging. 
^Pareto optimality is defined as that economic state, where produc­
tion and distribution cannot be reorganized to increase the utility of 
one or more individuals without decreasing the utility of others. The 
concept of Pareto optimality is independent from distributional (or 
equity) considerations, rather it applies to any given distribution of 
resources. In addition, Pareto optimality leaves some indeterminancy in 
the analysis, since every point on a contract curve is Pareto optimal and 
in order to choose between them, there is need of a welfare function. The 
present discussion is limited to static efficiency with no regard to re­
source allocation over time or the welfare aspects of alternative time 
2 
The theory of second best, becomes relevant when one or more condi­
tions of Pareto optimality are not satisfied, and it states that in 
general it is neither necessary nor desirable to satisfy the remaining 
conditions (76). 
3 
Except in the cases of perfectly discriminating monopoly and bio-
lateral monopoly which lead to Pareto-optimal allocations. 
4 
Unit taxes are used to make market participants observe the appro­
priate marginal conditions, and lump-sum taxes and subsidies are used to 
secure a desired income distribution (7). An interesting approach ("next 
use" approach) for identifying quality standards for natural resources 
and the environment suggests two criteria: the next use test and the 
test of irreversibility. The next use text holds that of the initial use 
creates adverse effects, monetized or nonmonetized, on the next use(s), 
then the quality standard should reflect both the costs incurred by the 
next use and the benefits gained in the initial use. The second cri­
terion, that of irreversibility, becomes the constraint in terms of 
quality standards, so that future options are not foreclosed (134, 135). 
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Bator (12) mentions the case of ownership externalities as one of 
the major form of external effects, involving private goods and services 
(goods and services characterized by competing consumption). Cbnership 
externalities arise when the resource user fails to bear the full cost 
of his actions. For example in the case of extraction of coal by strip 
mining an environmental degradation occurs. By so doing, consumption of 
other individuals is negatively affected since forests may be cleared and 
land removed with associated loss of wildlife. In this case there are 
costs associated with the loss of amenity services which represent social 
costs and are not priced in the market (45). This situation leads to 
over production and an underestimation of the necessary costs to maintain 
and protect the desired amenity service. 
Meyer (85, p. 1) states that ownership externalities result from the 
inability to clearly define and enforce property rights to a private good 
so that it can be allocated efficiently by the market. 
increases, and consumption is noncompeting, then the problem of public 
good externalities arises (20). 
Samuelson (120) states that a public good is characterized by the 
fact that the consumption by one individual does not diminish the amount 
available for consumption by another individual. Hence, the "demand" 
curve for a public good is obtained by the vertical summation of individ­
ual demand curves. Problems arise in the allocation of public goods 
since the noncompeting consumption does not allow the demand to be deter­
mined in the market place. 
35 
Finally a third type of externality exists, the technical exter­
nality which arises when production functions exhibit individualities or 
increasing returns to scale. A technical externality causes market 
fortune either because it leads to monopoly or because free enterprise 
is not viable at a marginal-cost price (39, p. 499). 
Energy Resource Substitutions 
This section will deal with the concept of substitution from a 
general equilibrium point of view. In constructing a demand schedule if 
the nominal prices of related commodities are allowed to vary, their 
repercussions on the quantity demanded of that particular resource are 
observed. With the use of crosselasticities, commodities can be classi­
fied as substitutes or complements. This method of classification is 
based on the "total effect" upon quantity demanded of resource X result­
ing from a change in the price of resource Y.^ The concept of substitu­
tion relaxes also to the supply; when the production process is charac­
terized by variable proportions. This is a case of technical substitution 
in production rather and requires knowledge of the production function 
before it can be empirically measured. 
This study will deal with substitution as a market relationship and 
later on empirical measurement of this relationship will be attempted by 
using crosselasticities. It is important to realize that the magnitude 
^By using crosselasticities to classify substitutes and complemen­
tary goods, the income effects of price changes may more than offset the 
normally negative substitution effect (56). A more accurate classifica­
tion can be made by using the individual preference functions and analyz­
ing the substitution effect alone. This latter method, although more 
accurate, is also more difficult to utilize on an empirical level. 
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of substitution is dependent upon the relative prices of the other energy 
resources, the technological feasibility and furthermore the institu­
tional constraints. For example, coal could be substituted for petroleum 
or natural gas. Technologically it is feasible to substitute coal for 
petroleum or natural gas up to a certain point. This point of substi­
tution though may not be reached unless relative prices change. Insti­
tutional arrangements (stemming from society's preference function) such 
as the low sulfur requirements may also limit the possibilities of sub­
stitution. The time element here becomes crucial along with the avail­
ability of resources for new technological advancement. In the future 
desulfurization of coal at a low cost could become a reality provided 
enough resources are allocated for that purpose. 
A last point worth mentioning with respect to substitution is the 
fact that the capital stock using energy resources for its operation is 
usually composed by machines that are made to use a specific energy 
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uses a different source of energy may be costly. Furthermore technologi­
cal change may be possible only in terms of new machines (and not with 
respect to the machines that are already in operation). In this case 
either the existing machines could be scrapped (which would involve a 
substantial expense), or substitution of new machines for the old ones 
could occur at the time when the old machines arrive at the end of their 
productive life (vintages). This last process may be less expensive but 
it may involve a considerable time lag depending upon the average pro­
ductive life of different machines and the date of their installation. 
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Optimizing Elements for the Demand and Supply Framework of Energy 
The last use linkage in Figure 2.2 deals with the optimizing elements 
for the demand and supply framework of energy. Specific demands are 
linked with supplies by amounts and major characteristics.^ This process 
involves the identification of the competitive areas of demand for partic­
ular resources and their substitution effects as well as knowledge of the 
critical zones, i.e., gaps arising from discontinuities of a particular 
demand or supply or both. These critical zones involve both the utilities 
and disutilities derived from the existing technologies and institutions. 
Furthermore, the concept of irreversibility of resource use becomes rele­
vant to the extent that it precludes future options (for example using up 
the uranium supply before the breeder reactor comes in operation). These 
considerations constitute the underlying framework for the study of the 
demand in Chapter III and the supply of energy resources in Chapter IV. 
Limits and Possibilities of Technology—The Concept 
of Induced Technologies and Induced Institutions 
In this chapter the use linkages of the demand for and supply of 
energy were presented. The importance of existing technologies and in­
stitutions was pointed out with respect to all the use linkages. 
KiiOwa technology is an integral pert cf the definition of natural 
resources. Increased knowledge, improved arts, and expanding science 
^Differentiations of markets include: (1) qualities linked with 
demands by amounts and qualities linked with supplies by amounts, (2) 
spatial occurrences of quality linked supplies and of quality linked 
demands and (3) temporal occurrences of quality linked supplies and 
quality linked demands (138). 
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have led to the discovery of electricity, atomic energy, etc. But, 
the entropie nature of the economic process with its resulting deficit 
has failed to be acknowledged. 
It appears that high entropy has a determinable limit, which coin­
cides with the depletion of a fixed amount of resources. But this does 
not mean that the entropie process has a predetermined fixed length. On 
a time continuum, the question as to when the depletion of resources 
occurs is an open question. To reiterate the example of the piece of 
coal, this raises the interrogative of the utilization of smoke and 
ashes, which is currently considered refuse. Also, the example of the 
heated room which achieves thermodynamic equilibrium, nothing is really 
lost (First Law of Thermodynamics). The dissipated heat is in a form of 
high entropy which is potentially available, provided the nccesssry 
technology is developed and applied. 
It is not suggested that this is a way to elude the entropie pro­
cess, but it is a way of extending the eventually unavoidable limit of 
high entropy into the system (47). 
Georgescu-Roegen has argued against the possibility of what is 
called "entropy bootlegging" (47). (That is reversing high into low 
entropy). 
nologieal advancement, of viewing as low entropy what is now high entropy. 
Furthermore, although tin entropy terms, any biological or economic 
enterprise may result in a deficit, this does not mean that in economic 
terms the same is true. Value added is the key element in successive 
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transformations of a given product (or input) and the end result is one 
of higher utility for man. Therefore, some tradeoff must exist between 
satisfaction of present wants and entropie degradation of matter-energy. 
Fear to deplete an exhaustible resource can only result in nonutiliza-
tion. 
The available energy comes to man from any of three major sources 
(Chapter I): The energy derived from the mineral deposits of the earth, 
the solar radiation intercepted by the earth, and the energy from the 
mechanical kinetic and potential energy of the sun-earth-moon system. 
The first source is a stock on which man has almost complete control, 
but it is fixed in quantity.^ The other two sources are flows on which 
man has no control, nor is there a way to use a flow of the future. In 
comparing the two, the highest estimate of terrestrial energy resources 
does not exceed the amount of available energy received from the sun 
during four days (10, p. 16). 
Given the pressure of necessity man will eventually concentrate his 
efforts in transforming solar energy into immediate mechanical power. 
Such a discovery will constitute a major breakthrough for man's entropie 
problem since the economic process, although still relying on low entropy, 
will not depend upon a rapidly exhaustible stock. 
The significance of cechnciogicai advances lies in that they allow 
the substitution of knowledge for resources, and more abundant and less 
expensive resources. Technology can release the constraints of growth 
"The mineral deposits of the earth are geologically renewable, but 
because of the length of time involved they may be considered as non­
renewable resources. 
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imposed by inelastic resource supplies when coupled with institutional 
innovations. 
Technological and institutional innovations are needed to make the 
substitution of energy sources possible and also reduce the impact of 
external effects in the process of utilization of energy resources. As 
Ruttan (118. p. 708) states: 
. . . the capacity of a society to solve either the problem of 
sustenance or the problems posed by the production of residuals 
is inversely related to population density and the rate of 
population growth and is positively related to its capacity for 
innovation in science and technology and in social institutions. 
The concepts of "induced technology" and "induced institutions" using 
Ruttan's terms, seem to offer a more fruitful guideline for future 
research efforts. 
The two laws of thermodynamics impose certain limitations of action 
such as the residuals generated and the entropie degradation from the 
utilization of energy resources. Two methods may be used to examine the 
possibility of êxtêudiiig the limits of entropy, through technology. The 
first is utilizing the progress in science and technology and viewing as 
low entropy what is now high entropy, or secondly, by transforming the 
solar energy so as to make us less dependent upon a rapidly exhaustible 
stock of terrestrial energy resources. 
What is needed is a redirection of efforts in research, to provide 
larger amount of low entropy. Technological innovations should not occu 
at random, but become increasingly responsive to the present and future 
needs, 
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CHAPTER III. DEMAND FOR ENERGY RESOURCES 
The previous chapter dealt with the interactions of the demand for 
and supply of energy resources and their use linkages were identified. 
This chapter will focus on the demand for energy with emphasis on the 
possibilities of substitution. 
The derivation of the qualitative demand will be explained and 
its most important determinants will be identified in the next sec­
tion. The concept of elasticity and cross-elasticity acquire particu­
lar importance for the policy implications they carry with respect 
to the prices of energy resources and the substitutability of energy 
resources in satisfying the same demands. Furthermore, specific 
demands for energy will be ident ified with detailed breakdowns and the 
possible substitutions will be emphasized both with respect to the 
primary and secondary sources of energy. Finally, attention will be 
placed upon the quantitative demand. The positions held, with 
respect to resource availability and demand, by classical economists 
such as Adam Smith, David Ricardo and Thomas Maithus are reviewed. 
Attention is also placed upon the theories of neomalthusians and their 
opponents. In particular, a number of studies, dealing with the 
consumption of energy and the forecasted energy demands, will be 
reviewed and compared. Finally, attention will focus on the pos­
sibilities of saving energy by increasing the efficiency of use. 
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Qualitative Demand 
The demand function for a consumer of a particular resource is 
obtained by the process of maximizing satisfaction for a given level 
of money income.^ The demand curve obtained this way, relates the 
equilibrium quantities bought to the market price of the commodity 
by holding constant the nominal money income and the nominal prices 
of other commodities. The slope of the demand curve reflects the I-w 
of Demand. 
The demand for energy should differentiate between 1) direct 
demand (or final demand), which is the demand for energy resources 
viewed as final products; and 2) derived demand (or indirect demand) 
which is the demand for a factor of production. Energy is usually 
seen as an input in a production or transformation process which results 
in a number of final goods. 
Viewing the demand for energy resources as a derived demand, requires 
ficulty associated with the availability of data for estimating the 
necessary production functions, this study will treat the demand for 
energy as a final (direct) demand. This means that energy resources 
are commodities which are exchanged in the market place and their price 
determined by the forces of demand and supply. 
The determinants of the quantity of energy demanded, can be divided 
in economic, technological and institutional determinants (see Chapter 
II). A.11 three, are interrelated and in many instances their 
^The market demand for a resource is given by the horizontal summa­
tion of the individual demands of each consumer. 
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identification becomes difficult. Among the economic determinants, price 
of the energy source under consideration is the most important and 
determines the quantity demanded given the level of the demand curve. 
Other economic factors determining the level of demand itself, are: 
money income, prices of related sources of energy, and the tastes and 
preferences of individuals. Among the technological determinants is 
the relative efficiency of utilization of energy resources and among 
the institutional determinants, the environmental controls imposed on 
emissions. 
The relative responsiveness of the quantity demanded to changes 
in the price of the commodity or the income of the individuals is 
depicted by the price elasticity (or "own" elasticity) of demand and 
the income elasticity of demand respectively. 
The price elasticity of denand is influenced by factors: such 
as the availability of substitute good; the number of uses to which 
the good may be put and the proportion of expenditures that consumers 
allocate for the particular energy source. The time element becomes 
also important in the determination of the elasticity of demand. In 
the long-run, elasticity would be expected to be greater than in the 
short-run, because the long-run allows for more substitution among 
energy resources as a response to changes in relative prices. 
Given the definition of the demand function, if all prices are 
allowed to vary, the quantity of the particular good demanded, depends 
not only upon its own price but upon the prices of related goods. 
Using the demand function approach (price cross-elasticities of demand), 
the substitutability of resources can be determined. 
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The competitive relationships between two users exist in the case 
of energy resources, when there is a restriction of the net benefits 
to the other users and hence the total benefits may be curtailed from 
a given amount of resource devoted to a particular use. In the case 
of uses, complementary relationships give rise to more net benefits 
from each use and therefore they do not constitute a problem in the 
allocation among uses. The allocation problem arises in the case of 
competitive uses, when one use restricts the net benefits to be derived 
from a given amount of resource in another use. When there is a neutral 
relationship none of the uses has any effect upon the others. 
Characteristics of Specific 
Demands for Energy 
Attention will be placed now, upon the identification of specific 
demands for energy resources and the possible substitutions among, both 
priuiàiTy and Secondary sources of eaergy. 
The demand for energy resources arises from the various uses to 
which it can be put to satisfy various wants. These uses can be 
identified in terms of general categories of demand such as 1) residen­
tial, 2) commercial, 3) industrial, 4) agriculture, 5) transportation 
and 6) electric utilities, which can be further broken down into their 
subdemands which are listed here: lighting, space heating, water heat­
ing, cooking, refrigeration, air conditioning, television, food freez­
ing, clothes drying, process steam, electricity generation, electric 
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drive, electrolytic processes, direct heat, feedstock, air-transport 
fuel, wood transport fuel, water transport fuel, raw materials for 
transportation, electric utilities and ether. 
Each of these uses has its own demand schedule for energy and these 
demands can be characterized by competitive neutral or complementary 
relations.~ 
In listing the sub-demands there should probably be over 100 
separate voices. However, as is shown in Table 3.1, a few of the sub-
demands (only 12) account for 97.17» of the nation's total energy con­
sumption. The remaining 3% is spread over a number of appliances, 
elevators and other uses (129). 
Demand for primary sources of energy 
In dealing with the primary sources of energy it should be pointed 
out that although all demands and subdemands relate to primary sources 
of energy, the use intended is not always for energy. The nonenergy 
uses of primary sources of energy amount to almost 6% of the total use. 
Examples of non-energy uses of fuel are; lubes and greases, asphalt 
and road oil, and feedstock for the manufacture of chemicals (aromatics, 
etc.) which utilize petroleum, coal and natural gases. 
"'Table 3.2 shows the consumption of energy resources by major source 
and consuming sectors in the U.S. It can be seen that the use of 
anthrocite has been decreasing in all sectors whereas the use of petro­
leum and petroleum products has been steadily increasing. The use of 
Natural gas and nuclear power has been also increasing and the use of 
the bituminous coal and lignite decreased in all sectors except in the 
generation of electricity. 
Table 3.1. Some U.!>. energy subdemand»^ 
National total 
Transportation 
Space heating 
Process steam 
Direct heating 
Electric drive 
Feedstocks (raw materials) 
Water heating 
Air conditioning 
Refrigeration 
Lighting 
Cooking 
Electrolytic processes 
Total 
•^Source (129). 
Percent of total Growth rate per year 
consumption of energy 1960-68 
100 
24.9 4.1 
17.9 4.0 
16.7 3.6 
11.5 2.8 
7.9 5.3 
5.5 5.3 
4.0 5.2 
2.5 10.2 
2.2 5.3 
1.5 — M. 
1.3 2 
1.2 4.8 
97.1 
(in res id. sector) 
2.3 (comm. sect.) 
(for resid. sector 
was 8.2) 
Table 3.2. Consumption of energy resources, by major sources and consuming sectors (trillion BTU)^ 
Total 
Bituminous Natural Total Utility sector 
Anthra­ coal and «as. ^ Hydro- Nuclear energy electricity energy 
Year cite lignite dryG Petroleum power power input distributed inputs 
Household and commercial 
1967 128 457 6,223 6,206 13,014 2,257 15,271 
1970 103 324 7,108 6,458 13,980 3,000 16,988 
1971 98 304 7,868 6,538 14.306 3,161 17,467 
Industrial 
1967 90 5,110 8,599 4,298 36 18,133 1,868 20,001 
1970 59 4,943 10,161 5,139 34 20,336 2,210 22,546 
1971 47 4.203 10.570 5,133 34 19.987 2,329 22.316 
Transportation 
1967 13 594 13,542 14,149 17 14,166 
1970 NA 8 745 15,720 16,478 16 16,489 
1971 NA 6 766 16,330 17.102 17 17,119 
Electricity generation, utilities 
1967 55 6,402 2,834 1,013 2,308 80 12,692 4,142 
1970 48 7,213 4,015 2,087 2,616 229 16,208 5,226 
1971 42 7,374 44.117 2,475 2,811 404 17.228 5.507 
Miscellaneous and unaccounted for 
1967 1 276 277 
1970 215 215 
1971 -1 173 172 
^Source: Adapted from a Bureau ox Mines "Minerals Yearbook." 
^'Excludes natural gas liquids, 
^Includes petroleum products. 
'^Not available. 
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Figure 3.1 shows how the subdemands can be assigned to specific 
demands. The summation of the estimated subdemands will give a 
more acurate estimate for the specific demand because of a higher level 
of disaggregation. 
Figure 3.2 shows how the demands related to the primary sources of 
energy, as defined earlier and Figure 3.3 shows how the subdemands may 
relate to the primary sources of energy. For example, the residential 
demand for energy can be computed by estimating the residential demand 
for coal, the residential demand for natural gas, etc. In the case of 
the subdemands again, each subdemand can be computed by estimating 
individually the sources of energy used to satisfy that subdemand.^ 
Figure 3.4 presents the total demands for each specific energy 
resource and relates them to the demands by sectors. It can be seen 
for example that the demand for coal can be broken down to the sectoral 
demands for coal. Also, the demand for lignite can be broken down to 
 ^^  O O C V» CL ^  ^11 I O O W  ^  ^ W y W ^  ^  ^   ^  ^ WAV m»*# J 
quality (for example sulfur content) may constitute specific demands 
for soecific enerev resources mav be related to the subdemands. 
All primary sources of energy seem to be substitutable in 
satisfying a specific demand. This is especially true if the framework 
of analysis refers tc the future. For example, it has been estimated 
that naural gas is technically substitutable with other forms of energy 
up to 70 percent of total primary energy requirements (99). Natural 
gas is not presently used in the transportation sector, electricity 
for motive power and lighting or metallurgical coke used in blast 
furnaces, but it is conceivable that in the future it will be com­
peting in these uses also. Similarly, solar energy could be used for 
space heating and water heating with present technology and meet about 
11 percent of the total energy requirements (15). 
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Industrial Demand 
Transportation Demand 
Process steam 
Electricity generation 
Electric drive 
Electrolytic process 
Direct heat 
Feedstock (non-energy use) 
Other 
Air transport fuel 
Road transport fuel 
Water transport fuel 
Road transport fuel 
Raw materials 
Household and Commercial 
Demands 
Space heating 
Lighting 
Cooking 
Water heating 
Refrigeration 
Air conditioning 
Television 
Food freezing 
Clothes drying 
Other 
Figure 3.1. Frc%n the subdenjands to the demands for enerev resources 
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Residential demam 
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Natural gas 
Shale oil 
Petroleum liquid—refined product 
Uranium (Denterium, Thorium) 
Tides 
Water 
Geothermal heat 
Wind 
Solar radiation 
Lignite 
Anthracite 
Bituminous 
Sub-
bituminous 
(sulfur 
content) 
Commercial demand 
Coal in^-T 
Natural gas Anthracite 
Shale oil \Bituminous 
Petroleum liauid--refined product Sub-
Uranium (Denterium, Thorium) bituminous 
Tides (sulfur 
Water content) 
Geothermal heat 
Wind 
Solar radiation 
Agricultural demand 
Coal _____ 
Natural gas 
Shale oil 
Petroleum liquid—refined product 
Uranium (Denterium, Thorium) 
Tides 
Water 
Geothermal heat 
Wind 
Solar radiation 
Lignite 
Anthracite 
Bituminous 
Sub-
bituminous 
content) 
Industrial demand 
Coal—— J---T 
Natural gas ^^Anthrac ite 
Shale oil ^Bituminous 
Petroleum liquid--refined product Sub-
Uranium (Denterium, Thorium) bituminous 
Tides (sulfur 
Water content) 
Geothermal heat 
Wind 
Figure 3.2. Demands and primary sources of energy 
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Natural gas ^^Anthracite 
Shale oil v Bituminous 
Petroleum liquid—refined product ^Sub-
Transportation demand ^ Uranium (Denterium, Thorium) bituminous 
Tides (sulfur 
Water content) 
Geothermal heat 
Wind 
Solar radiation 
j  TOT»4ho 
L Natural gas ^^Anthracite 
j/ Shale oil ^Bituminous 
Petroleum liquid--refined product Sub-
Electric heater demand^~ Uranium (Denterium, Thorium) bituminous 
Tides (sulfur 
Water content) 
Geothermal heat 
Wind 
Solar radiation 
Coal ---Lignite 
Natural gas ^^Anthracite 
Shale oil Nw Bituminous 
Petroleum liquid—refined product Sub-
Miscellaneous demand Uranium (Denteriutn. TboriuTn) bituminous 
Tides (sulfur 
Water content) 1 % \ GsCuriGiTiuax nSa.u 
\ Wind 
Ov/XCXX 1. «- JLWi.1 
Figure 3.2. Continued 
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Lighting 
C o a l  — — — — — —  
Natural gas 
Shale oil 
Petroleum liquid—refined product Sub-bituminous 
Uranium (Denterium, Thorium) 
Tides 
Water 
Geothermal heat 
Wind 
Solar radiation 
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Feedstock 
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Natural gas 
Shale oil 
Petroleum liauld—refined oroduct 
Water heating 
Cooking 
Refrigeration 
Space heating 
Raw materials for 
transportation 
Figure 3.3. Subdemands and primary sources of energy 
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Demand for Coal 
Lignite 
Anthracite 
Bituminous 
Sub-b ituminous 
Quality by sulfur content 
Industrial deaand for coal 
Residential demand for coal 
Commercial demand for coal 
Transportation demand for coal 
Agriculture demand for coal 
Electric Utilities demand for coal 
Miscellaneous 
Demand for Natural Gas 
Industrial demand for coal 
Residential demand for coal 
Commercial demand for coal 
Transportation demand for coal 
•Agriculture demand for coal 
Electric Utilities demand for coal 
Miscellaneous 
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Figure 3.4. From the demands to the total demands for specific primary 
sources of energy 
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Transportation demand for coal 
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Demand for Wind Enerev « 
Industrial demand for coal 
Residential demand for coal 
Commercial demand for coal 
Transportation demand for coal 
Àgriculcure demand for coal 
Electric Utilities demand for coal 
Miscellaneous 
Demand for Tidal Energy 
Industrial Demand for coal 
Residential demand for coal 
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Figure 3.4. Continued 
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Finally, demands for energy resources may be estimated by product 
class. For example the demand of the paper industry, sugar industry, 
steel industry, food industry etc., for primary sources of energy can 
be estimated and come up with the aggregate totals of either sectoral 
demands or total demands for each specific energy resource. 
Demand for secondary sources of energy 
Similarly to the primary sources of energy, it is possible to relate 
the secondary sources of energy to the demands and their subdemands. 
The only difference is that now all demands are for energy uses and 
therefore the subdemands for non-energy uses will be eliminated. The 
subdemands to be eliminated in particular are "feedstock" and "raw 
materials." 
Figure 3.5 shows the demands for energy relating to the secondary 
sources of energy. The same secondary sources can be related to the 
subdemands for energy resources with the exception probably of 
"electricity generation" where hydrogen would not be applicable and 
"electrolitic process" and "television" which would require only 
electricity. Hydrogen would also present difficulties with respect 
to its use for vacuum cleaners or other appliances that move around 
and êlso in the airtransport it would be difficult tc visualize the 
use of hydrogen as fuel. 
Figure 3.6 shows the individual total demands for secondary sources 
broken down to their sectoral demands. Similarly the total demands 
can be related to the subdemands. 
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Residential demand 
Commerical demand 
Industrial demand 
Transportation demand 
Synthetic 
Electricity 
Hydrogen 
Synthetic 
Electricity 
Hydrogen 
Synthetic 
Electricity 
Hydrogen 
Synthetic 
Electricity 
Hydrogen 
Agricultural demand 
Electric utilities 
Miscellaneous demand 
Synthetic 
Electricity 
Hydrogen 
Synthetic 
Electricity 
Hydrogen 
Synthetic 
Electricity 
Kvdroeen 
Figure 3,5. Demands and secondary sources of energy 
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Finally attention will be placed upon the demand for refined 
petroleum products. Table 3.3 shows the demand for petroleum products 
by major consuming sector. In particular, it should be pointed out that 
refined products compete with each other both for fuel and nonfuel uses. 
Furthermore, residual fuel, distillate fuel and kerosene fuel compete 
directly with natural gas and coal in heating, cooking and industrial 
uses, and the petrochemical feedstock competes with the coal chemicals. 
The major use of gasoline is for motors and of aviation gasoline is for 
jets. Distillate fuel and coke are used as industrial fuels. Road oil 
and asphalt are used for highways. Kerosene is used primarily as jet 
fuel which is normally either kerosene type (used by commercial planes) 
or naptha type (used by military planes). Still gas and liquified fuel 
gas are used either for fuel (mostly by the refineries) or for chemical 
uses. The residual fuel oil is used as industrial fuel (mostly for the 
generation of electricity) particularly in the East Coast which uses 
about 70 percent of total production. These demands for the refined 
products of petroleum sum up to determine the total demand for crude oil 
provided that the amount of natural gas liquids is subtracted.^ It can 
be seen from Table 3.3 that gasoline is the largest voice followed by 
distillate fuel and residual fuel which are used respectively mainly for 
deisel or heating oil and by the electric utilities. 
Natural gas liquids are added to crude petroleum to determine the 
blend that will go through the refining process. 
Table 3.3. Demand cor refined petrolc.iim products by major consuming sector in the U.S., 1971^ 
Fuel and power: 
Liquified gases 
Jot fuels: 
Napthan type 
Kerosine type 
Distillate fuel (diesel, heating 
oil (#1,2,...) 
Rosideual fuel 
Still gas 
Petroleum fuel 
Gasoline 
Kerosine 
material : 
Special naphthas 
Lubes and waxes 
Petroleum cake 
Asphalt and road oil 
Petrochemical feedstock; 
Liquified refinery gas 
Liquified petroleum gas 
Napthan (-400 degrees) 
Stillgas 
Miscellaneous (+400 degrees) 
Total domestic product demand 
Household and 
commercial Industrial 
Million Trillion Million Trillion 
barrels Btu barrels Btu 
981.2 5,430.0 541.8 3,218.5 
197.4 791.8 29.7 119.1 
533.7 3,108.8 104.6 609.3 
180.5 1,134.8 177.0 1,112.8 
157.0 942.0 
52.2 314.5 
69.6 394.6 21.3 120.8 
167.0 1,108.2 392.7 1,914.3 
99.8 156.4 
33.7 201.6 
27.8 167.5 
167.0 
CM CO o
 
41.4 166.1 
149.5 599.6 
56.8 298.1 
16.2 97.2 
37.5 227.8 
1,148.2 6,538.2 934.5 5,132.8 
^Source: Bureau of Mines "Minerals Yearbook" Department of Commerce. 
Table 3.3. Continued. 
— 
Electric generation Miscellaneous and Total domestic 
Transportation utilities unaccounted for product demand 
Million Trillion Million Trillion Million Trillion Million Trillion 
barrels Btu barrels Btu barrels Btu barrels Btu 
3,018.6 16,203.6 396.2 2,475.1 17.2 90.5 4,955.0 27,417.7 
32.6 130.W • '  6.2 24.8 265.9 1,066.5 
366.6 2,038.7 M M. - - ... 366.6 2,038.7 
94.7 497.0 94.7 497.0 
271.9 1,541.7 271.9 1,541.7 
231.2 1,696.2 34.2 199.2 7.6 44.3 271.3 5,657.8 
115.0 723.0 362.0 î'.,,275.9 3.4 21.4 837.9 5,267.9 
157.0 942.0 
52.2 314.5 
2,213.2 11,614.9 2,213.2 11,614.9 
90.9 515.4 
20.9 126.8 580.6 3,149.3 
29.8 156.4 
20.9 126.8 54.6 328.4 
27.8 167.5 
167.0 1,108.2 
41.4 166.1 
149.5 599.6 
56.8 298.1 
16.2 97.2 
37.6 227.8 
3,039.5 16,330.4 396.2 2,475.1 32.1 172.8 5,550.5 30,649.3 
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Quantitative Demand 
The factors affecting our overall demand for energy resources depend 
on the needs and aspirations of the zany individuals who zake up society. 
These factors can be identified as follows: 1) population number, 2) 
technology, 3) degree of industrialization, 4) age distribution, 5) per 
capita income, and 6) cultural factors. Each of these factors helps to 
condition the overall demand picture, but the basic factor that has 
received the most attention is that of population number. Population has 
two effects on energy resources: a) consumption effect, and b) fall-out 
effect (because of the technology that people live with. 
Many modern theories on the relationship between natural resources 
(and energy resources in particular) and population growth have their 
origin in the work of classical economists including Adam Smith, David 
Ricardo, Thomas Malthus, and John Stuart Mill. It is interesting, there­
fore; to briefly survey the views of the classical economists on this 
topic. 
Adam Smith, (125) founder of the classical school, in his book "The 
Wealth of Nations" has no explicit statement about natural resources being 
limited in supply. Modern economists, though, interpreted his idea that 
che rent of land, considered as the price paid for the use of land is 
naturally a monopoly price, as implying that land and natural resources 
could be considered to be fixed in supply. 
Malthus' famous "Essay on the Principle Population" (80) may be 
credited with having widely propagated the belief that natural resource 
scarcity impairs economic growth. His doctrine is based on the presumed 
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natural law that natural resources are limited and population multiplies 
continuously subject to a biological restriction. In the absence of 
social preventive checks, population increased to the limits of sub­
sistence. The limits of nature constitute scarcity and the driving 
force becomes the dynamic tendency of population to press continually to 
the borders of subsistence which entails an eventual decline in output 
per capita and cessation of growth. This is the economic scarcity effect. 
With respect to natural resource scarcity, Malthus stated that the rate 
according to which the products from the earth are supposed to increase, 
it is not easy to determine. But we can be certain of the fact that the 
ratio of their increase in a limited territory must be of a completely 
different nature from the ratio of the increase in population. Man is 
necessarily confined in room. 
His essay is far more an analysis of population than of natural 
resources, and natural resource scarcity and effect are more asserted 
than demonstrated. 
At an unsophisticated level of thought, it is sometimes taken for 
granted that fixity of natural resources and an expanding population--the 
two fundamental Malthusian postulates--suffice to produce diminishing 
returns, but this is incorrect. The Malthusian model requires three sets 
of specifications. These concern the 1) time horizon and trend of popu­
lation, 2) availability of natural resources, and 3) technology and 
institutions* 
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Malthus' premise concerning the availability of natural resources 
derived directly from his observation that the world's agricultural 
lands were of limited physical extent. He allowed for new discoveries but 
he assumed that institutions were essentially remaining the same. There­
fore, the level of subsistence was reached again. 
His main concern was the inconsistency between his postulated high 
birth rate and what seemed to be an obvious limit to expansion of the 
means of subsistence. Therefore, for his purposes, differences in the 
quality of land or the question of the availability of resources other 
than land, could be ignored. 
Land varies in physical characteristics (i.e., varies in produc­
tivity) and therefore the better lands will be brought into use before 
the poorer ones. The view held by David Ricardo that growth will be 
accompanied by increasing real costs—that is, by diminishing returns to 
labor and capital--then seems to follow logically (110). 
But differences in physical characteristics of the resources brought 
into use, do not in themselves necessarily imply higher costs. For this 
to occur, resources should be used in order of increasing labor-capital 
cost of output, that is, in the order of declining economic quality, and 
furthermore no offsetting conditions should be present. 
An important difference between the Malthusian and the Ricardian 
diminishing returns is that in the latter, there is no need of specify­
ing the time horizon nor assuming a limit to the availability of 
resources. The rate of growth of population does not determine the 
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Ricardian returns, rather determines the time needed for total output to 
rise and per capita output to fall at given levels (110). 
J. S. Mill elaborated upon the ideas of Malthus and Ricardo. He 
accepted with doubt the Malthusian premise that population had a 
tendency to increase geometrically and that there was an absolute and 
foreseeable limit to the availability of agricultural land. He thought, 
that the Ricardian view that resources (including mines) underwent a per­
sistent decline in economic quality as the consequence of growth, was more 
reasonable. 
Mill (86) in his "Principles of Political Economy" affirms that the 
reason why the Malthusian extensive limits of the earth are not a con­
trolling force is that Ricardian scarcity comes into play long before 
these limits can be reached. Mill elaborated upon mining, which Ricardo 
had treated as an implicit aspect of the general proposition of resource 
use in order of declining fertility and accessibility. But in mining 
there is another feature which. Mill observed, makes the situation versa 
than in the case of land. Exhaustion of the richer mineral deposits 
sets is so that, even in the absence of growth, it is not possible for 
society to obtain a constant yield at constant cost year after year. 
Moreover, even before a particular mine actually shows signs of exhaustion 
in terms of aggregate mineral content, the law of scarcity and effect 
applies since "shafts must be sunk deeper, galleries driven further. . 
and so on (86, p. 188). 
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Marx claimed that man's tendency to press on the means of subsis­
tence was due to the ends of the prevailing social systems (81). He held 
that there is no natural law of population growth inevitably preventing 
any lasting improvement in man's living conditions, rather that poverty, 
which so much concerned Malthus, was a consequence of unemployment which 
is an inevitable part of the development of capitalism. 
Henry George believed that there would be no overpopulation and 
poverty if the single tax to land was adopted, taking all its rental value 
for the government and giving access to land to those who would use it 
best (46). 
Paul Ehrlich (32) approaches the problem of population growth within 
an emotional context where he feels that the time is short and the situa­
tion is desperate, therefore, he advocates a compulsory limitation of 
birth for each nuclear family unit. In the same line of reasoning fall 
Paul and William Paddock (101, 102). 
W. 3. Thompson presents his theory of demographic transition, as 
follows. He divides population into three main categories. The first 
category includes countries characterized by both low birth and death 
rates. This class composes 20 percent of the world's population, and the 
life expectancy of 70-75 years. The countries in this category are for 
the most part industrialized. In category two he puts the countries 
characterized by a low birth rate and a medium death rate. Life expec­
tancy here is about 55 years, and this category composes 20 percent of 
the world's population. Category three, composing 60 percent of the 
world's population, is characterized by both high birth and death rates 
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•with a life expectancy of 35 years. With the introduction of techno­
logical activities through industrialization, classes two and three will 
tend to assume the characteristics of class one. Therefore, in the long-
run there will be a leveling off (132). 
D. J. Bogue (17), in direct opposition to the neo-Malthusians says 
that population growth will reach an equilibrium in the near future, and 
that by the year 2000 many regions of the world will have rates of popu­
lation growth that will hardly exceed zero. 
L. Rocks and R. P. Runyon (115) in their book "The Energy Crisis" 
present a summary of the present alarm for energy and the familiar thesis 
of exponential growth depleting fixed resources is again presented. Yet 
as M. A. Adelman (3) points out, known coal resources today are more than 
double what they were in the late eighteen hundreds and crude oil was 
being depleted in 1938 at a higher percentage of proved reserves than in 
1972. 
THo MTT 'IJ 1 fî rXmgTnn ' or»<î •"Tho T.STni ro (Z'rnr.jrM ' thoHoIq f&ST 1 . 
represent the most ambitious attempt of bringing together pollution, 
population growth and resource depletion into one general model of the 
future of the world (24; 51). 
Neither economists, nor sociologists, nor political scientists have 
satisfactory theories of social change and therefore the MIT model serves 
the purpose of reminding them of the unsatisfactory state of the explana­
tions of long-term growth and technical progress. They assumed that the 
present rate of growth of population and therefore that today's popula­
tion of 3.6 billion will double in the next 35 years. Such an assumption 
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although seemingly sound, does not do justice to demographic developments 
which could reasonably take place in the long-run. 
Technological change seems to have been under-estimated in both 
models. Cole, et al. (24) demonstrate that by incorporating techno­
logical change in the sectors where it was omitted, postpone the breaking-
down of the model indefinitely. After all, the models make forecasts for 
130 years ahead, and one can point out that a forecast made in 1870 would 
have omitted oil as a source of energy as well as nuclear power. In fact, 
the Meadows report (84) assumes 250 years' supply of minerals (at current 
consumption rates) with perfect substitutability among them and further­
more assumes significant increases in the cost of exploiting the remaining 
mineral deposits. 
From the most recent energy forecasts, there is a number of them 
worthwhile reviewing. Table 3.4 presents the studies chosen to be com­
pared. Table 3.5 classifies the forecasts by the method and by type of 
construction used. Two types o£ coastructiori are prévalant. The build­
ing block which means that forecasts of each major energy use is first 
made and then added together to get the total energy estimate. In the 
subdivision approach the total energy forecast constraints the various 
components. Table 3.6 presents the major assumptions made by the fore­
casts under investigation. Table 3.7 contains the forecasts made with 
respect to the total U.S. energy requirements. Tables 3.8 through 3.12 
present the estimates of U.S. requirements for coal, petroleum, natural 
gas, nuclear energy and hydropower. Table 3.13 shows the forecasted 
energy requirements by sector. These studies provide no estimates for 
Table 3.4. Energy forecasts chosen foir comparison 
USP Office of Oil and Gas, United States Department of Interior "United States Petroleum 
through 1980" in (14). 
FNGR Future Requirements Agency, ])enver Research Institute. "Future Natural Gas Require­
ments of the United StaCes" University of Denver, Vol. 2, June 1967 (44). 
CGAEM Texas Eastern Transmission Corporation, 1968. "Competition and Growth in American 
Energy markets" in (14), 
EUS Michael C. Cook. "Energy in the United States, 1960-1965" Sartocius & Co., September 
1967 (26). 
EMUS Bureau of .Mines, U.S. Departiftînt of Interior. "An Energy Model for the United States 
Featuring Energy Balanciîs for the Years 1947 to 1965 and projections and forecasts 
to the Years 1980 and 2000." I.C. 8384, July 1968 in (144). 
PCCP Robert R. Nathan Associates, Inc. "Projections of the Consumption of Commodities 
Producible on the Public Lands of the United States 1980-2000." Washington, D.C., 
May 1968 (113). 
NPCEO National Petroleum Council. "U.S. Energy Outlook—An Initital Appraisal 1971-1985." 
Vol. I and II Library oE Congress Catalog Card Number: 72-179997, 1971. (92). 
Table 3.5. Classification of forecast methods 
Source Derivation Construction 
USP Extension of present trends. 
FNGR Natural gas requirements determined through survey 
questionnaire. 
CGAEM Extension of present trends. Forecasts are made for total 
requirements with breakdown by end-use categories and 
by source of supply. 
EUS Extension of present trends. Forecasts for end-use categories 
by geographical regions and source of supply. 
EMUS Projection, by least squares trends. Forecasts are made for 
total energy consumption and consumption broken down 
by end-use and source of supply. 
PCGP Extension of present trends. Forecasts are made for 
total consumption by end-use and source of supply. 
Building block 
Building block 
Building block 
Subdivision approach 
Building block 
a\ 
NPCEO Extension of present trends. Forecasts are made for total 
consumption by end use and source of supply. 
Building block 
Table 3.6, Assumptions of the energy forecasts 
Source 
USP 
FNGR 
Annual GNP 
% growth rate Population 
l.,37o annual 
growth 
Price of 
fuels 
Availability 
of fuels Technology 
Constant, relative 
to other fuels 
Same relationship 
among fuels, as 
now 
Adequate 
Gradual 
CGAEM 
EUS 
5% (1965-
1985) 
Continued 
1960-1965 
250 million, 
by 1985 
Continued trends 
evolved since 
1960 
Adequate No extraordi­
nary change 
Introduction of 
electric cars 
CTi 00 
EMUS 2.5 to 5.5% 1.0 to 2.2% 
annual growth 
Stability of 
relative costs 
Adequate/ 
some restric­
tion 
Evolutionary 
PCCP 
NPCEO 
Lot; =3.00 
Medlum"2l.80 
High =4.80 
4.2 
1.55% annual 
growth (ba se 
1960 
1.1% annual 
growth 
Moderately higher 
with no effects 
Double in 
the next 15 
years 
No major changes 
Evolutionary 
fuel substitution 
Table 3.7. Forecasts of U.S. total energy requirements (trillions of BTU's) 
Source Base year Bast! value 1970 1975 1980 1985 2000 
USP 1965 54,000 88,100 
CGAEM 1947 
1965 
to 30,838 
52,350 
64,444 79,611 97,825 119,597 
EUS* 1960 
1965 
to 41,453 
50,314 
60,827 79,944 93,374 118,196 
TCUSEC 1960 48,200 90,300 . 
(99,700)° 
174,000 
(213,000) 
EMUS 1947 
1965 
to 33,168 
53,791 
64,278 75,605 88,075 168,600 
PCCP^ 1965 54,000 91,000 155,000 
NPCEO 1960 
1970 
to 44,602 
67,027 
83,481 102,581 124,942 
^Excludes nonfuel uses. 
4.% per year GNP growth. 
Table 3.8. Forecasts of U.S. 
BTU's 
energy requirements for coal (with percent of total) trillions of 
Source 1970 1975 1980 1985 2000 
CGAEM 13,945 
(21.6) 
16,63(1 
(20.8) 
19,880 
(20.3) 
23,121 
(19.3) 
EUS 14,214 
(23.4) 
15,01% 
(20.0) 
16,024 
(17.1) 
16,703 
(14.1) 
EMUS 14,251 16,86% 19,298* 
(21.8) 
17,685 
(20.1) 
22,400 
(13.3) 
PCCP 18,400 
(20.7) 
27,200 
(18.0) 
mmo 13,062 
(19.2) 
15,554 
(18.6) 
18,284 
(17.8) 
21,388 
(17.1) 
fBased on 70,000 megawatts of nuclear power in 1980. 
Based on 110,000 megawatts of nuclear power in 1980. 
Table 3.9. Forecasts of U.S. energy requirements for petroleum (with percent of total) trillions 
of BTU'si 
Source 1970 1975 1980 1985 2000 
USP 36,000 
(4.09) 
CGAEM 28,127 
(43.6) 
33,764 
(42.4) 
40,174 
(41.1) 
47,625 
(39.8) 
EUS* 24,%75 
(39.9) 
27,069 
(36.1) 
29,443 
(32.1) 
38,762 
(27.7) 
EMUS 27,'A75 
(42.4) 
31,875 
(42.2) 
35,578 
(40.8) 
57,600 
(34.2) 
PCCP 30,300 
(34.7) 
52,800 
(35.0) 
NPCEO 14,722 
(21.7) 
18,346 
(21.9) 
22,329 
(21.7) 
25,977 
(20.8) 
^Specifically excludes nonenergy fuel uses. 
Table 3.10. Forecasts of U.fl. natural gas requirements (with percent of total) trillions of BTU's 
Source 1970 1975 1980 1985 2000 
lISP 25,456 
(28.9) 
FNGR 22,252 21,392 29,601 33,120 
CGAEM 20,883 
(32.4) 
26,123 
(32.8) 
31,894 
(32.6) 
38,711 
(32.4) 
EUS* 20,834 
(34.3) 
26,054 
(34.8) 
33,030 
(35.4) 
41,515 
(35.1) 
EliUS 19,374 
(30.1) 
22,360 
(29.6) 
25,455 
(28.9) 
41,698 
(24.7) 
PGCP 28,000 
(31.5) 
43,600 
(28.9) 
NPCEO 24,868 
(36.6) 
30,268 
(36.2) 
34,700 
(33.8) 
40,119 
(32.1) 
NPCEO 24,868 
(36.6) 
30,268 
(36.2) 
34,700 
(33.8) 
40,119 
(32.1) 
nonenergy use of fuels. 
Table 3.11. Forecasts of U.S. nuclear energy requirements (with percent of total) trillion BTU's 
Source 19:[0 1^ 1980 1985 2000 
USP 7,560 
(8.6) 
CGAEM 728 2,143 4,757 8,809 
(1.1) (2.7) (4.9) (7.4) 
EUS 737 5,964 13,300 25,913 
(1.2) (8.0) (14.3) (21.9) 
EMUS 874 1,803 4,076 43,526 
(1.4) (2.4) (4.6) (25.8) 
PCCP 8,323 24,044 
(9.4) (15.9) 
Table 3.12. Forecasts of U.S. hydropoiver requirements (with percent of total) trillion of BTU's 
Source 1970 1975 1980 1985 2000 
CGAEM 2,270 2,690 3,060 3,490 
(3.5) (3.4) (3.1) (2.9) 
EUS 2,400 2,550 3,000 3,370 
(3.9) (3.4) (3.2) (2.9) 
EMUS 2,193 2,422 3,027 5,056 
(3.4) (3.2) (3.4) (3.0) 
Table 3,13. Forecasts of U.S. energy requirements by sector (trillions of BTU's) 
Source 1970 1975 1980 1985 2000 
Industrial 
CGAEM 
EUS 
EMUS 
NPCEO 
sector 
21,649 
22,093 
20,370 
20,056 
26,210 
26,303 
22,440 
2.3,193 
31,591 
31,576 
24,633 
26,193 
37,954 
38,016 
26,774 
32,594 
Household and 
CGAEM 
EUS 
EMUS 
NPCEO 
commercial 
14,246 
14,737 
13,837 
15,761 
sector 
17,224 
17,559 
15,451 
18,827 
20,983 
21,269 
17,265 
22,389 
25,701 
26,028 
26,598 
21,066 
Tranfiportation sector 
CGAEM 15,501 
EUS 14,303 
EMUS 15,548 
NPCEO 16,313 
18,370 
16,93.') 
18,733 
19,941) 
21,968 
20,002 
21,481 
23,937 
25,836 
23,662 
28,331 
42,749 
Excludes nonenergy use of fuels 
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the price elasticities and crosselasticities of demand. The estimated 
U.S. requirements of petroleum (Table 3.9) will be compared in Chapter 
with the estimates of this study. 
Attention now will be placed on three studies which attempt to esti­
mate the price elasticity of demand. The first study (90, 139) deals with 
the U.S. demand for electricity. The price elasticity mean level for all 
states has been found to be: -1.20 for the residential and -1.82 for the 
industrial demand. Although the demand for electricity was found to be 
elastic, the elasticity with respect to income was generally inelastic. 
The second study, by Wilson (157), estimates with O.L.S. the residential 
demand for electricity and finds that the relative price was statistically 
significant with respect to average consumption, but insignificant with 
respect to recent increases in demand (implying that only the long-run 
price quantity relation is significant). With respect to the industrial 
demand for electricity he finds that demand is price elastic in those 
industries that use an exceptionally large ssicunt of electricity par unit 
of output. The third study, by Houthakker, Verleger and Sheehorn (64), 
estimates the quarterly consumption of gasoline by pooling cross-section 
and time-series data for 12 years for 48 states of the U.S. They find 
that the short-run price and income elasticities are .075 and .30 respec­
tively and for the long-run .24 and .98. The long-run elasticities are 
found to be larger. With respect to the residential demand for electricity 
they find that the price elasticities are higher for the 100-250 and 100-
500 Kwh data than they are for the 250-500 Kwh data. Both demand 
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equations fitted had a dynamic adjustment mechanism but no attempt was 
made to measure crosselasticities. 
Before this chapter on the demand for energy resources ends, atten­
tion will focus upon the relative efficiency of utilization of energy 
resources. Increased energy consumption should increase the production 
of goods and services in the economy. Assuming that goods and services 
are produced in constant ratio than the G.N.P per unit of energy consumed 
should measure efficiency of energy use. It was found that from 1920 to 
1955 the ratio of G.N.P. to energy consumption has been increasing. From 
1955 to 1967 the growth was slow. Since 1967 it has turned down. This 
could mean that efficiency in the utilization of energy is decreasing or 
that the ratio of goods to services is increasing (62). 
The Energy Policy Project of the Ford Foundation, under the title 
"Explosive Energy Choices" (5) simulates the growth of energy consumption. 
One of their "scenarios" calls for zero energy growth. The use of energy 
levels off ac IOC quadrillion STU's per year in 2000. By svitching tc 
production of more durable items, redesigning transportation systems, etc. 
the zero growth in energy consumption will be achieved. They do not 
assume austerity in that all items and appliances will still be available. 
Economic growth, although not stopped, will depend upon the provision of 
services rather than manufacturing. Government actions will be needed to 
control higher prices and maintain full employment. 
Through insulation and draft sealing, in accordance with present day 
minimum property standards, residential, commercial and industrial build­
ings could save about 50 percent of their energy use. Furthermore, 
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through improvements of the efficiency of heating and air-conditioning 
equipment (efficiency of heating and air-conditioning equipment is about 
50 percent on the average), additional savings can be realized."*• If the 
American industry embarked in an energy saving program, 1.5 million 
barrels of oil equivalent per day (in 1972 industry utilized about 15.4 
million barrels per day, excluding raw materials), could be saved. 
Furthermore, through improved modes of transportation and more public 
use of buses the requirements of the transportation sector for energy 
will fall by 23 percent (58). 
^Air conditioned buildings with special windows and forades have 
reportedly been able to reduce oil consumption by as much as 30 percent 
(150). 
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CHAPTER IV. SUPPLY OF ENERGY RESOURCES 
This chapter deals with the availability of energy resources. The 
concept of supply is first explained and the concepts of physical and 
economic supplies are differentiated and attention is placed on the 
relative renewability of energy resources. In Chapter I the flow of 
energy in the earth-sun-moon system was presented. There are still 
probably many sources of energy that today are of little value to man, 
since man does not know how to potentially harness them. In the future 
probably man will identify new sources which would be potentially used, 
as energy, to satisfy his needs. 
This chapter deals only with those sources of energy that man has 
identified as potentially recoverable as well as the sources of energy 
that man has been using for a long time now. 
In Chapter II the use linkages of the demand for and supply of 
energy resources were identified and the optimizing elements were 
presented. After dealing with the demand for energy resources in 
Chapter III, this chapter will focus upon the pri-nary and secondary 
sources of energy. In particular, their physical availability, 
economic and institutional organization, and the conversion efficiencies 
and substitutions, will be studies. 
The physical availability of the resources and their characteristics 
of supply are directly related to the concepts of "decision tree" and 
"entropie degradation" which were discussed in Chapter II. Furthermore, 
the possibilities of substitution are dependent upon the relative 
availability and nature of alternative sources of energy. Technological 
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advancements allowing utilization of new energy sources and increased 
recovery of the ones already in use contribute to a delayed depletion 
of the stock resources. 
Improvement of the conversion efficiencies of fuels (by utilizing 
new technologies) implies that a given demand can be now satisfied 
with a smaller fuel base than before which decreases the amounts of 
"available energy" that degrade into "unavailable energy." 
The Concept of Supply 
The supply schedule is defined as the relationship between market 
prices and the amounts of a commodity that producers are willing to 
supply at these prices. It shows alternative possibilities available 
at a moment in time and like the demand curve, it can be given a 
definite shape only if it is assumed that certain other things remain 
constant. The most important things which are held constant are the 
methods of production and the supply of materials, labor and ether 
inputs needed for production. 
A movement from one point to another on a supply schedule is not a 
change in supply. It is simply a change in the quantity offered in 
response to a change in price. A change in supply means a shift of the 
entire curve to a new position. 
In the short run in perfect competition the supply curve of a firm 
is its marginal cost curve for all rates of output which are equal to 
or greater than the rate of output associated with minimum average 
variable cost. The short run industry supply curve is the sum of the 
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quantities supplied by all firms, which is determined by the marginal 
cost curve that corresponds to the prevailing set of factor prices. 
The long run supply curve of an industry characterized by constant costs 
is a horizontal line at the level of the constant long run supply price 
which shows for each level of output the minimum price necessary to 
induce this level after each firm in the industry has made its internal 
optimal adjustment and the number of firms in the industry is optimal. 
The long run supply curve for an industry is positively sloped if the 
industry experiences increasing costs and the long run supply price 
1 
increases as long run equilibrium quantity supplied expands." 
In a monopolistic market, the supply price is not unique since a 
given quantity can be supplied at different prices in accordance with 
the demand and marginal revenue conditions. If demand and costs are 
constant, then the short run monopoly supply is a point in the price 
quantity plane. If demand shifts whole costs remain the same, then it 
is possible to construct a monopoly supply curve vhich vill depend upon 
the shifts made by the demand schedule. 
The concept of elasticity of supply is similar to that of demand. 
A supply function is said to be elastic when a given change in price 
results in a more than proportionate change in the quantity of the 
resource supplied. When a given price change results in less than a 
proportionate change in quantity the supply is inelastic. 
^In the very short run the supply curve is a vertical line, and the 
distance from the price axis is determined by the sum of the outputs 
supplied by the individual firms. 
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Physical and Economic Supplies Differentiated 
The previous section dealt with the economic supply. Attention now 
will be placed upon the differentiation between the physical and economic 
supplies for energy resources. 
The physical supply refers to the physical existence of energy 
resources, which, given the definition of energy resources in terms of 
technology, becomes a function of the technological advances that take 
place. The economic supply of energy can be defined as that portion of 
the physcial supply that man uses. It can be called, the actual economic 
supply and therefore the difference between the actual economic supply 
and the physcial supply can be called the potential supply. 
The economic supply of energy resources is responsive to the 
prevailing prices and therefore it reflects the relative scarcity or 
abundance of the physical supply of energy resources and their relative 
accessibility. This supply can be expanded or contracted depending upon 
the economic institutional and technological setting within which che 
use of energy resources takes place and in the ultimate sense it is 
limited only by the total physical availability of energy.^ 
There are four main ways through which the economic supply of 
energy resources can be increased: (1) by new techniques for discovery; 
(2) by more efficient utilization of present sources of energy; (3) by 
•""An example of institutional arrangements, affecting the supply of 
an energy resource is the indefiniteness of property rights of under­
ground petrcleid, which leads to wasteful depletion. 
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allowing substitution of scarce resources for more abundant sources of 
energy; (4) by using those sources of energy that are renewable; 
(5) and finally, by foreign trade policies.^ 
Characteristics of the Supply of Specific Resources 
One way of classifying energy resources from the supply side is 
according to their relative renewability. Energy resources can be 
divided into fund or stock resources and flow resources. 
The supply of fund energy resources is fixed and nonrenewable. 
In this category belong all the sources of energy derived from the 
interior of the earth, which is the minerals such as coal, petroleum, 
natural gas, shale oil, tar sands, uranium, thorium and geothermol 
power. Of course, most of them can be replaced over long periods of 
time, but for all practical purposes we cannot consider any increase 
in their total physical quantity. With the present technology, 
furthermore, aii of tne stock energy resources are exhaustible with no 
2 possibility of recycling. 
A shortage of a particular energy resource can exist if the quantity 
supply is not enough to meet the existing demand at a particular price 
and there is no mechanism through which price can adjust until equilibrium 
is reached again. This situation can happen only in some limited cases. 
If a price ceiling is imposed by the government, which is below the 
equilibrium price, then a shortage occurs. Another case, in which the 
market cannot restore equilibrium, is when unstable equilibrium condi­
tions occur, according to the Walrasian and Uorshalion conditions of 
stability. 
^In general, not all "stock" resources are also nonrenewable. Stock 
resources may also be divided into those which do not decrease signif­
icantly in time without use, and those which do, such as oil and gas. 
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The concept of flow energy resources applied to resources such as 
water, sunlight, wind and tides. The flow of these resources comes in 
a continuous and predictable stream which continues regardless of 
whether the resources are used or not. 
From a conservation standpoint, flow resources are renewable, but 
they must be used as they become available since failure to use them 
results in permanent loss of the value they could have had. In some 
instances flow resources can be captured and stored for future use. 
Water for example can be retained while energy from the sun or tides, 
etc. can be stored in the form of a secondary source of energy (for 
example conversion of solar energy into electricity and storage of 
electricity in batteries). When flow resources are stored this way, 
they take sone of the characteristics of a stock.^ 
It is interesting to note here that the use of water for the 
generation of electricity does not necessarily preclude other use. 
Utilizing the heat of the water or hydropower are nonexhaustive uses 
although other uses could be curtailed after water has been committed 
to one nonexhaustive use (137). 
Finally, a last category of energy resources can be identified. 
These are the complex resources, such as wood and fusion materials. 
Forests have some flow characteristics in that rhey are replaceable 
over time, provided that the seed stock needed for each new generation 
is safeguarded (so that the irreversible zone is not exceeded). A 
1 
Planning by private or individual agents, becozss sore difficult 
concerning stock resources, rather than flow resources, because of 
greater uncertainty with respect to technological change. 
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forest, at any given time, may also be considered a stock resource. 
Fusion materials (deuterium, triticum) are isotopes of hydrogen. 
Hydrogen exists in theoceans which can be regarded as an almost 
infinitely large stock. Yet, the flow aspects of the hydrologie cycle 
may be significant. 
Primary Sources of Energy; Their Economic and 
Institutional Organization; Physical Availability; 
Their Conversion Efficiencies and Substitutions 
This section will deal with each of the primary sources of energy 
in order to determine their physical availability, their economic and 
institutional organization and their conversion efficiencies and 
substitutions. The sources of energy to be studies are: coal, 
petroleum, natural gas, shale oil, geothermol heat, uranium, thorium and 
denterium, water, solar radiation, wind and tides. 
Coal 
Coal is the main energy source that provides the base for the 
industrialization of the American economy in the end of the 19th Century 
up to the start of the 20th Century. 
Coal is produced mainly in three regions (about 75 percent of the 
coal produced): the Northern field based in Pennsylvania and Northern 
West Virginia; the Southern field based in Southern West Virginia and 
Virginia; and the North Central field based in Illinois and Kentucky. 
Potential for production exists further west (Rocky Mountain region) 
and it is now coming into the market due to the economics of long 
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distance electricity transmission, new cheaper surface mining methods 
and higher market prices (109). 
It is the only source of energy now that is not subject to any 
direct form of regulation (except for safety and environsental controls). 
Though it is affected by the structure of railroad rates (regulated by 
the Interstate Commerce Commission) since railroad is the main mode of 
transportation of coal. 
Presently estimated reserves of coal are much larger than either 
petroleum or natural gas.^ By exploration and mapping, about 1,600 
billion tons of coal of various grades, thickness and depths have been 
identified in the U.S. Another 1,600 billion tons of coal are estimated 
to exist in areas which have not yet been explored and mapped.(112). 
From the original 1,600 billion tons of coal, only 36 billion tons 
were mined and consumed by the end of 1970. Assuming that the average 
estimated mining recovery is approcimately 50 percent, it means that 
about 36 billion tons of cosl were also rendered nonrecoverable in the 
process of past mining. 
H. E. Risser (112) calculates that of the remaining identified coal, 
about 390 billion tons could be recovered with current technology, of 
which 200 billion tons could be mined at approximately the current 
costs. 
These 200 billion tons of coal are approximately 330 tiaes the 1972 
level of coal production and the estimated 390 billion tons is almost 
Estimated reserves are dependent upon assumption with respect 
to the depth; thickness of seams, methods of recovery and statistical 
probability (109). 
87 
11 times the 36 billion tons already mined and 650 times the 1972 
production of coal. 
It appears that coal, although it is a stock and nonrenewable 
resource, it is relatively abundant. But the actual supply of the 
resources at any given time is restrained by a number of other factors. 
These factors can be identified as follows: the number and capacity of 
existing mines, availability of labor and related mine safety regulations, 
availability and cost of transportation, and environmental considerations 
(73). 
Given the current acceptable levels of sulfur oxide emission, 
regulations have limited to 1 percent or less, by weight, the sulfur 
content of coal burned in a number of metropolitan areas and states have 
also proposed standards to go into effect by 1975. This means that 
available reserves decrease in amount. Table 4.1 shows the estimated 
sulfur content of remaining coal in the U. S. Although most of the 
svbbituminous. lignite and arithrocite contains 1 percent or less 
sulfur, bituminous coal, which accounts for the bulk of coal consumption, 
has only about 43 percent in that category. 
There are ways to reduce the sulfur content in coal especially with 
gresification and liquidation processes (synthetic sources of energy) 
but more research is needed to make these conversions more economical 
in the near future. Possible solutions to the environmental effects 
"It has been estimated that enforcement of the new mine safety 
regulations based on Federal legislation in December 30, 1969, caused 
output per man day to decline from 15.61 tons in 1969 to 12.03 tons in 
1970. 
Table 4.1. ISstiraated sulfur content of remaining coal in the U.S„° 
Percentage 
Sulfur ranges: -0.7 or less .8-1.0 1.1-1.5 >1.5 
bituminous coal 100 21.7 21.8 5.9 50.5 
Subbituminoua 100 66.0 33.6 0.1 0,3 
Lignite 100 77.0 13.7 9.2 0.1 
Anthrocite 100 96.5 0.6 - - 2.9 
^Adapted from Hubert Risser "The U.Ei. Energy Dilemma. The gap between today's requirements 
and tomorrow's potential." Illinois State Geological Survey, Environmental Geology Notes, No. 64, 
July 1973, p. 38. 
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from the use of coal seem to be the use of low sulfur coal, flue-gas 
desulfurization, coal cleaning, coal refining, and coal conversion. 
Environmental effects are also associated with the mining processes 
in use today, such as strip mining, subsidence and acid mine water. 
Surface mining is used in producing about 50 percent of the current 
production. More research is therefore needed to improve stabilization 
of spoil banks, controlling sediment run off and restabilizing vegetation 
on the mined out land. 
Chemicals are also produced from coal which competes with petroleum 
for feedstock material. Coal chemicals refer to the materials recovered 
from the volatile matter released from coal during carbonization. Three 
basic materials are recovered at oven coke plants: ammonia, tar and 
light oil. Except for ammonia, which is recovered as an aqueous 
solution or converted to a salt and sold as produced, the basic materials 
are, in most instances, further processed to yield a number of primary 
organic zzterisls (or chemical mixture?) sue" as toluene, xylene, solvent 
naphtha, crude chemical oil and pitch (124). 
Table 4.2 presents the salient statistics of the bituminous, 
lignite, anthracite and coke and coal chemicals indenties in the U. S. 
for the years 1969-71. Both production and consumption of all types 
of coal has been declining since petroleum and other sources of energy 
have been substituting coal resources. 
Petroleum 
During the last thirty years, petroleum and natural gas have 
replaced coal as the main source of energy for the American econony. 
Table 4.2. Salient statistics of the bituminous, lignite, anthracite 
and coke and coal chemicals industries in the U. S.^ 
Bitirminous coal and lignite Anthracite 
1969 1970 1971 1969 
Production, thousand 
short tons 560,505 
Value, thousands 2,795,509 
Exports, thousand 
short tons 56,234 
Imports, do 109 
Value of coal chemicals, 
thousands 
Consumption, thousand 
short tons 507,275 
602,932 552,192 10,472 
,772,662 3,904,562 100,770 
70,944 66,633 627 
36 111 
515,619 8,809 8,248 
^Source: Compiled from U. S. Bureau of Mines "Minerals 
Yearbook," U. S. Department of Interior. 
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Coke and coal chemicals 
1970 1971 1969 1970 1971 
9,729 8,727 64,757 666,525 57,436 
105,341 103,469 1,691,679 2,192,580 2,108,953 
789 671 1,629 2,478 1,509 
173 153 174 
288,463 223,464 260,171 
8,248 7,838 66,166 63,207 56,704 
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The structure of the petroleum industry can be best observed from 
the refineries. The oil industry is characterized by a high concentra­
tion, which gives it a monopolistic structure and furthermore the foreign 
investments made by the companies, qualify them as multinational 
corporations. Most of the major oil companies are also integrated from 
the oil production to the refining stage in varying degrees.^ It also 
appears, that oil industries have an influence (through lobbying and 
other practices) in the American government, as well as international 
politics (4, 96, 34, 111). This tends to make the mind of the investi­
gator, suspect, even published statistics. 
Domestic concentration of the industry ranges from the control of 
oil companies and commercial banks by a small number of stockholders to 
increased control of domestic refining capacity and reserves of other 
sources of energy (such as natural gas, coal and uranium). 
The oil industry is influenced by state regulation with regard to 
proration practice» (state production quotas), well spacing rules, 
density of well spacing by fields, average production per well, by 
2 fields, etc. 
1 
^Concentration ratios have been computed for the major international 
oil companies (Esso, BP, Shell, Gulf, Texaco, SoCal, Mobil, CFP) and it 
was found that, although concentration diminished from 1950 to the first 
half of 1969, it was still very high (4). In the same study, it was 
observed that the petroleum runs through the refineries of the eight 
largest companies has been increasing. It should be pointed out, that 
in many instances, some companies may be processing oil for the account 
of other companies as part of their joint refining and joint marketing 
operations. 
^Market proration was introduced to eliminate "excess competition" 
and for "national security" means. Adelman (2) estimates that the U. S. 
government could save the consumers annually 2.5 billion dollars by 
buying all the small marginal wells for 1.2 billion dollars. 
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It is also influenced from distinctive tax provisions from Federal 
tax laws. These are of two sorts: (1) intangible drilling expenses 
(representing the major part of the capital costs of wells) can be 
charged as current expenses and (2) the "percentage depletion allowance" 
under which 27% percent of the value of the oil produced may be deducted 
for income tax purposes (up to the limit of 50 percent of net income). 
The argument is that it provides a method for recovering the capital 
value of a wasting asset, as opposed to the actual investment in finding 
and developing the asset. The depletion allowance serves also the 
purpose of compensating those who are successful in their discovery 
efforts (109, 103). 
The API Annual Report, in reporting the stimated reserves, defines 
them as follows: "The reserves listed as proved in this report, as in 
all previous API reports, are the estimated quantities of crude oil 
which geological and engineering data demonstrate with reasonable 
certainty to be recoverable from knew reservoirs under existing economic 
and operating conditions" (7). 
This concept of proved reserves provides only an inventory of 
known deposits under limiting economic and engineering assumptions. 
One should expect under reasonable expectations a much larger figure for 
estimated oil reserves (4, 109, 1). Indeed, although the proved 
reserves are known with a probability of one at any given time, indicated 
and inferred reserves should be also considered by assigning a lower 
probability value to their magnitude. 
The percentage of oil recovered from any given deposit has been 
increasing and cusnilativs recovery efficiency rose from 25.21 percent 
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of total oil discovered in 1955 to 30.28 percent in 1969. 
In oil production, it is usually required on reserves/production 
ratio of about 8. This means that an increase of one unit in production 
requires 8 units of estimated proved reserves. Since present technology 
recovers about 35 to 40 percent of the oil, it means that 20 to 24 units 
of new estimated proved reserves would be needed to sustain a higher 
/ 
production (112).^ 
Secondary recovery and pressure maintenance procedures have 
increased the recoverable amounts of oil. Testiary recovery is now an 
experimental basis and research is now conducted for substituting water 
with chemicals and for fracturing rock with atomic explosives to allow 
a freer flow of recoverable liquids. With expectations of a price of 
$11 for a barrel of oil by the first quarter of 1975, tertiary recovery 
could become economical increasing the cumulative recovery efficiency 
to 50 percent. 
The API=^Î?C (93) estimates that the total discovered and discoverable 
oil-in-place in the U. S. is 727.4 billion barrels of which 50.0 billion 
2 barrels are estimated to be in the Alaskan North slope region. It has 
been estimated that the Alaska (Valder) line will be in operation by 
the end of 1977 and would reach 1.5 million barrels per day of oil by 
early 1980. 
''Usually about 4 to 7 years are 
after the initial discovery (112). 
2 
About 103 billion barrels have 
needed to reach full production 
been already produced. 
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The capacity to produce with existing possibilities has been 
recognized as one of the important factors that determine domestic 
petroleum availability (36). But, in spite of its importance there is 
not yet a satisfactory estimation of productive capacity. The three 
major industry sources (the Independent Petroleum Association of America, 
the National Petroleum Council and the American Petroleum Institute) 
arrive at substantially divergent results with no clear definition of 
the concept or statistical procedure (109). 
Attention now will be placed on some attempts to estimate the 
supply of crude petroleum. Fisher (40) finds that an increase in 
economic incentives leads to more wildcat drilling but that this takes 
place on prospects poorer than those which would be drilled at a lower 
incentive level. So, the measures of average results, such as average 
size of discovery or the success ratio (ratio of productive to total 
wildcat drillings), are functions not only of the distribution of 
petroleum prospects found in nature, but also of the risk attitudes of 
the producers. Erickson and Spann (35) following Fisher's methodology 
and using data from 1946 to 1959, estimate the supply elasticity to 
crude oil to be 0.93. This elasticity is the result of the summation 
of three elasticities with respect to price: the elasticity of wild­
cat drilling (+1.48), the elasticity of success ratio (-0.15), and the 
elasticity of average size of discovery (-0.42). 
Another interesting study reported in McDonald's article (82) is 
the one by Davidson, Falk, and Lee (27) for the Energy Policy Project 
sponsored by the Ford Foundation, on the principle that economic rent 
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is the difference between the value of output and long run marginal cost, 
the supply elasticity was estimated from the share of the value of oil 
and gas produced going to rent (annualized lease bonuses plus royalties). 
The long run price elasticity is given by the formula 1 - -7, where a is 
the share of rent. The average share of rent in total output for the 
U. S. outer continental shelf was found to be 0.42, implying an average 
elasticity of 1.37. Elasticities computed year by year, 1953-71, follow 
an upward trend which reaches 2.0 in the late seventies. It is noted 
that the true elasticity of supply may be even higher than 1.37 because 
the limitations on the rate of leasing by the government may have 
captured some monopoly profits in the nominal form of rent. 
The Federal government controls some of the most prolific potential 
sources of petroleum and natural gas and makes them available for 
production through leasing. Leases are issued by the Department of 
Interior (The Geological Survey in the administrative body). In 
uiiêxplored areas, they are issued to the first applicant at a low rental. 
When they are in the vicinity of known deposits, they are sold to the 
highest competitive bidder. Leases of submerged lands on the Outer 
Continental shelf are sold only on competitive basis (109).^ Considerable 
delays have been encountered because of the difficulty of providing 
environmental impact statements satisfactory to the courts. 
The Outer Continental Shelf off the Louisiana, Texas and California 
coasts is the most promising for large new discoveries. 
96 
Refined products from crude petroleum constitute about 80 percent 
of the liquid fuels.^ Table 4.3 presents the supply and demand data for 
the U. S. crude oil market. It can be seen that production of crude 
oil decreased in the years 1971, 1972 and 1973, whereas imports have 
been increasing to satisfy the domestic demand. Exports appear to be a 
very small fraction of supply. The demand, supply and demand for 
imports of crude petroleum will be estimated in the next chapter. 
Figure 4.1 presents a refinery flow scheme (with no production of 
2 lubricating oils). This is one of many different refinery processes, 
since a different process is used depending upon the amounts of final 
refined products desired. Once the crude petroleum, mixed with lease 
condensate and natural gas liquids, is passed through the particular 
refinery process, we are faced with the irreversibility of the entropy 
law. Once certain amounts of gasoline and residual fuel are produced, 
new amounts of petroleum need to be refined in order to increase the 
output of either one of them. Furthermore, the implications of the 
decision tree concept, presented in Chapter II, are that the options 
available decrease as additional alterations of the original substances 
are performed in the refined process. Indeed as the crude is followed 
through any of the processes toward the final products, the decision 
options for changing che oucpuc mix are imperiled. Table 4.4 preseirits 
the solient statistics of the petroleum refined products. It can be 
seen that motor gasoline, distillate fuel oil and residual fuel oil 
•^Refined products properly belong in the secondary sources of energy. 
They are treated here to simplify the problems of exposition. 
2 
Source: Jim Hill, Associate Professor Chemical Engineering, Iowa 
State University, Ames, Iowa. 
Table 4.3. Supply demand of crude oil in the U. S.^ (in thousands of 42 gallon barrels) 
Year Production Imports Total supply Change in Demand Exports Total demand 
stocks 
1959 2,574,590 352,344 2,926,934 -5,613 2,930,021 2,526 2,932,547 
1960 2,574,933 371,575 2,946,508 -17,329 2,960,750 3,087 2,963,837 
1961 2,621,758 381,548 3,003,30% +4,864 2,995,215 3,227 2,998,442 
1962 2,676,189 411,039 3,087,221) +7,347 3,078,091 1,790 3,079,881 
1963 2,752,723 412,660 3,165,38:1 -14,650 3,178,335 1,698 3,180,033 
1964 2,786,822 438,643 3,225,46.') -7,304 3,231,406 1,363 3,232,769 
1965 2,848,514 452,040 3,300,554 -9,768 3,309,225 1,097 3,310,322 
1966 3,027,763 447,120 3,474,883 +18,102 3,455,304 1,477 3,456,781 
1967 3,215,742 411,649 3,627,391 +10,579 3,590,271 26,541 3,616,812 
1968 3,329,042 472,323 3,801,36') +23,223 3,783,478 1,802 3,785,280 
1969 3,371,751 514,114 3,885,86!) -6,966 3,888,834 1,436 3,890,270 
1970 3,517,450 483,293 4,000,743 +11,140 3,976,891 4,991 3,981,882 
1971 3,453,914 613,417 4,067,331 -16,719 4,098,370 503 4,098,273 
1972 3,459,052 811,135 4,270,187 -13,253 4,290,541 187 4,290,728 
1973 3,353,370 1,183,996 4,549,734 697 
VO 
Source; American Petroleum Institute "Annual Statistical Review" Washington, D.C. April 
1973. 
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Table 4.4. Salient statistics of petroleum refined products in the 
U. S.® (thousand barrels) 
1970 1971 
Production of crude petroleum 3 ,350,666 3 ,296,612 
Production of lease condensate 166,784 157,302 
Natural gas plant liquids 605,916 617,815 
Imports of refined products 725,508 772,011 
Exports of refined products 89,467 81,182 
Domestic demand for products; 5 ,364,473 5 ,550,461 
Gasoline ; 2 ,181,252 2 ,213,168 
Motor gasoline 2 ,111,349 2 ,195,279 
Anation gasoline 19,903 17,889 
Jet fuel; 352,978 366,626 
Naphtha type 90.927 94.738 
Kerosine type 262,051 271,893 
Ethane (including ethylene) 83,767 87,744 
Liquified refinery gases for fuel 
and chemical use 363,059 369,007 
Kerosine 95,974 90,917 
Distillate fuel oil 927,211 971,320 
Residual fuel oil 804,288 837,869 
Petrochemical feedstock; 101,183 110,521 
Still gas 12,564 16,158 
Naphtha-400 57,279 56,821 
Other 31,840 37,542 
Special naphthas 31,390 29,781 
Lubricants 49^693 ^9,578 
Eax 4,607 5,254 
Coke 77,215 79,974 
Asphalt 153,477 168,528 
Road oil 9,641 8,487 
Still gas 163,905 156,967 
Miscellaneous products 14,843 14,920 
Source; U. S. Bureau of Mines "Mineral's Yearbook" U. S. Depart­
ment of Interior. 
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account for the bulk of total product. In Chapter V special attention 
will be placed on the refined products, in that it will be attempted to 
derive the demand of crude oil by estimating the demands for refined 
products. 
The dollar value of U- S. fuel imports and exports in 1972 was as 
follows : 
Billion dollars 
Imports Exports 
Total mineral fuels 4.799 1.554 
Petroleum and petroleum 
products 4.300 0.445 
Coal and related products — 1.019 
Petroleum accounted for 90 percent of the total value of fuel 
imports in 1972. The net U. S. deficit in 1972 in petroleum trade was 
3.85 billion dollars.^ 
From 1959 to April 1973 imports of petroleum and petroleum products 
have been subject to the MandauOL-y Oil Import Qucta Progr^r lizited 
imports to 12.2 percent of product in the area east of the Rocky 
Mountains. A tariff vas also imposed on crude and fuel oils rated at 
25 degrees API cr more of 10.5 cents per barrel. For gasoline and other 
motor fuels the tariff was 52.5 cents per barrel and on other products 
was ranging from 10 to 84 cents per barrel (91, 82, 41). 
^It has been since 1968 that total consumption in the U. S. has been 
exceeding domestic capacity therefore making the country dependent on 
imports. Projections for the year 1975 estimate that value of imports 
will reach 10 billion dollars per year and by 1980, 20 to 25 billion 
dollars per year (98). 
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In April 1973, the quota system was established, to prevent policy-
induced shortages. The new system provides for free imports up to the 
level of previously established 1973 quota allocations and a set of 
import fees to provide a larger degree of protection for refined products 
rather than crude petroleum as such. From 1973 through 1975 the fees 
will rise from 10.5 cents to 21 cents per barrel of crude oil, from 52 
cents to 63 cents per barrel of gasoline and from 15 cents to 63 cents 
per barrel of other finished products. The portion of imports which is 
free of import fees will gradually decline as to reach zero by 1980.^ 
It appears that the import control program stems from two basic 
assumptions. First, that self-sufficiency is very, very important not 
only for economic reasons (such as the balance of trade deficit) but 
also for national security. Secondly, it protects the domestic industry 
and hopefully stimulates increased production. 
Table 4.5 shows the amount of imported crude petroleum by country 
of origin. It can be seen that a definite pattern is followed in terms 
of the countries that have been the major suppliers of crude oil to the 
U. S. The major suppliers of the U. S. imports of crude petroleum 
were in 1970 (in order of magnitude of imports), Canada, Venezuela, 
Indonesia; in 1971, Canada, Venezuela, Saudi Arabia, Indonesia, Iran; 
in 1972, Canada, Venezuela, Nigeria, Saudi Arabia, Iiidonesia, Iran; 
in 1973, Canada, Saudi Arabia, Nigeria, Venezuela. In particular, the 
Arab countries supplied 15.8 percent of the imports in 1970, 19.2 percent 
in 1971, 22.6 percent in 1972 and 26.8 percent in 1973. 
^This means an increase in the effective tariff on crude oil from 
10.5 cents per barrel of total imports to 21 cents per barrel of total 
imports in 1980 (82). 
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Table 4.5. U. S. imports of crude oil by country of origin^ 
(thousands of 42 gallon barrels) 
Country 1970 1971 1972 1973 
Algeria 2,190 4,745 31,755 43,800 
Angola 1,095 5,475 17,885 
Argentina 365 — — 
Australia - - 2,555 365 - — 
Bolina 730 730 1,095 
Canada 245,280 263,530 311,710 365,365 
Chile 365 — — — — 
Colombia 7,300 3,285 1,460 730 
Ecuador — — — — 5,475 17,155 
Egypt 7,560 6,840 2,880 5,400 
Gabon — — — — — — 
Indonesia 25,550 40,150 59,495 73,000 
Iran 12,045 38,690 49,640 79,205 
Iraq - - 4,015 1,460 1,460 
Kuwait 12,045 10,585 13,140 15,330 
Libya 17,155 19,345 39,785 48,545 
Malaysia -- 1,095 — 
Mexico 365 
Neutral Zone — — — — — — — — 
Nigeria 17,520 34,675 88,695 163,520 
Peru — — — — - -
Qatar - — 1,095 2,555 
Saudi Arabia 14,600 41,975 63,510 168,630 
Trinidad 365 — — 8,760 21,900 
Tunisia 1,095 2,555 6,570 
U.S.S.R. — — — — 365 — — 
United Arab Emirates 22,995 29,200 26,645 25,515 
U. S. Total 483,260 613,565 808,840 1,184,060 
Ccnipileu from the "Annual Statistical S-sviav" of the Azsrican 
Petroleum Institute, Washington, D. C. 
Natural gas 
All oil reservoirs contain some gas. But until the development of 
pipeline technology, natrual gas had little economic value. It was 
largely used as an agent for flushing oil from oil wells (up to the 30's). 
Production of natural gas in the United States goes from 5.6 
trillion cubic feet in 1947 to an estimated 22.9 trillion cubic feet in 
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1979. From 1947 through 1971 new additions to reserves (excluding the 
estimated 26 trillion cubic feet of reserves in the Prudhoe Bay on 
the North Slope of Alaska) ranged from 8.4 to 24.7 trillion cubic feet 
per year and totaled 411 trillion cubic feet for the 25 year period 
(112).  
The reserves production ratio is even more important than the 
absolute level of reserves or production: 
"The rate at which gas and oil can be produced from proved 
reserves at any given time without loss of ultimate recovery 
is influenced by many factors, among which are the nature of 
the reservoir rock, the reservoir pressure, the extent of 
development and spacing of wells, and the stage reached in 
the development and productive life of the reservoir 
(112, p. 7). 
Experience has shown that a R/P ratio of 11 to one or twelve to 
one is necessary to maintain a given level of production of natural gas 
in the U. S. (112). This ratio has been declining since 1947 from 
2 
about 29.5 to 1 to less than 11 to one in 1972. 
The geography of the natural gas industry coincides with that of 
the crude petroleum industry. The richest regions in natural gas are 
the Texas-Louisiana Gulf Coast, the Texas Panhandle and adjacent portions 
of Western Oklahoma and Kansas, and the West Texas-East New Mexico region. 
The principal points of consumption (North-Central, Northeastern and 
West Coast) are relatively distant from che points of production. 
^Natural gas reserves have been declining since 1967 paralleling the 
decline of oil reserves given their jointness in production. Meanwhile 
imports have been increasing, along with price, to meet the domestic 
demand (Table 4.6). 
2 
Normally about 80 percent of the discovered gas can be recovered. 
Table 4.6. Salient statistics of natural gas in the U. S.^ (million cubic feet) 
1967 1968 1969 1970 1971 
Total supply 19 ,868,085 21 ,303,821 22,804,679 24 ,200,029 24 ,935,190 
Marketed production 16: ,171,325 19 ,322,400 20,698,240 21 ,920,642 22 ,493,012 
Withdrawn from storage 1 ,132,534 1 ,329,536 1,379,488 1 ,458,607 1 ,507,630 
Imports 564,226 651,885 726,951 820,780 934,548 
Domestic consumption 18 ,172,894 19 ,459,939 20,922,800 22 ,045,799 22 ,676,581 
Exports 81,614 93,745 51,304 69,813 80,212 
Stored ]. ,317,363 1 ,425,075 1,428,988 1 ,856,767 1 ,832,398 
Value at wellhead, thousand dollars ,898,711 3 ,168,688 3,455,615 3 ,745,680 4 ,096,550 
Average, cents per Mc):. 16.0 16.4 16.7 17.1 18.2 
^Source: U. S. JJureau of Mines "Minerals Yearbook" U. S. Department of Interior. 
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The structure of the industry is parallel to that of petroleum. 
Natural gas is normally discovered jointly with petroleum, but even in 
the case of nonassociated gas wells, the ownership structure follows 
that of oil.^ 
The marketing structure of the natural gas industry is different 
than that of oil. In the case of oil, the refining companies buy it 
from the producers (in many instances they own the producing company) 
and through pipelines it is brought to the refinery and then again 
through pipelines (mainly owned by the refiners) the refined products 
are moved to the marketing centers. In the case of natural gas. the 
pipeline companies buy the gas at the well head (except in the case that 
they are also the producers), transport it and sell to large industrial 
users or to bigger distributing companies. Most of the consumers of gas 
are facing a local monopoly of their purchases (109, 69). 
The retail rates are subject to state public utility regulations. 
At the pipeline stage, wholesale rates and certification of pipeline 
activity depend upon the Federal Power Commission, insofar as they relate 
to interstate commerce. Well head prices are regulated by the Federal 
2 
Power Commission also, again with the interstate commerce limitations. 
^Normally the case of joint products is distinguished on technical 
rather than organizational grounds. When two or more outputs are 
technically interdependent but produced in a fixed proportion ; then the 
analysis for a single output can be applied. 
Natural gas liquids are the products obtained from the processing of 
natural gas at natural gasoline plants, cycling plants and fractionators. 
They include ethane, the liquified petroleum (LP) gases (butane, propane, 
and butane-propane mixtures), isobutane, mixed gases, natural gasoline, 
plant condensate, and finished products such as gasoline, special naphthas, 
jet fuel, kerosine, distillate fuel oil, and miscellaneous finished 
products (184). 
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The state conservation regulations are less extensive than those for 
oil where gas is jointly produced with oil—the amount of gas recovered 
is limited--to protect reservoir pressures. There are ti:fo main types of 
state regulations. One consists of well spacing rules, and the other 
deals with the protection of correlative rights of owners (109). 
It has been argued that "deregulation" of the natural gas industry 
would decrease costs to the consumers and possibly also reduce production 
shortages within 4 to 5 years. The F. T. C. could not likely achieve 
the same result even by allowing 3 cents per annum increases. By "de­
regulation" in some studies is meant an increase in the price of natural 
gas at the well head of 15 cents per m.c.f. in 1974 and 3 cents per annum 
from thereafter (152, 78). 
Shale oil 
The estimated amount of oil shale in the United States is of the 
order of 150,000 Btu x 10^^ (112).^ The richest deposits exist in Utah, 
Wyoming and Colorado. With oil prices of 4 to 5 dollars per barrel, 
(June 1974 price of domestic oil was 5.25 dollars per barrel) it has been 
estimated Lhat 80 million barrels of shale oil might be economically 
recoverable from the richest deposits (100). 
The Federal government owns at least 72 percent of the total acreage 
and 80 percent of the estimated reserves. In July 1971, for the first 
time ; the Department of Interior announced it was accepting nominations 
^Estimated deposits within 2 trillion barrels of oil, of which 
approximately 600 billion barrels are in shales containing 25 or more 
gallons per ton. Out of these 600 billion barrels, 120 billion are in 
private hands and 480 billion under government control. 
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for six tracts for competitive bidding in December 1972. By June 1973, 
the bidding for the six sites was not yet finished because of the need 
of completing the necessary environmental impact statements (112). 
Federal ownership combined with absence of leasing has been a major 
block to the emergence of the shale oil industry. It is important though 
to point out that a substantial amount of oil shale has been in private 
hands. For example, in Colorado alone private companies are known to 
hold 168,000 acres of oil shale land (estimated to contain 150-200 
billion barrels of oil equivalent). Standard Oil of California, owns 
about 50,000 acres of oil shale land (estimated to contain about 9.2 
billion barrels of oil) and Union Oil owns approximately about 8.8 billion 
barrels of shale oil. It appears that not only private holdings are 
sufficiently large to support commercial operations, but a recent study 
showed that approximately 100,000 acres changed hands between 1963 and 
1965, at prices ranging as high as 2,000 dollars per acre (109). 
The depletion allowance in the case of shale oil is 15 percent of 
the value of the oil recovered. Some have argued that if the depletion 
allowance was raised to 27% percent (as in the case of petroleum), this 
would mean about 50 cents per barrel savings to indsutry, which would 
make shale oil production commercially feasible. 
Today, existing pilot plants have capacities ranging 150 to 
1,000 tons of shale per day (29). Future commercial plants are expected 
to produce 100,000 barrels of oil per day given an estimated installation 
cost of 551 million dollars (97). 
Two main problems are still to be solved with respect to the 
comEnercial utilization of shale oil. The first one has to do with the 
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disposal of the spent shale which is about 30 percent greater in volume 
than the oil shale originally mixed. The second problem has to do with 
the water requirements of shale oil production and disposal waste (1.2 
to 2 barrels of water are needed for each barrel of oil produced and 
0.8 to 0.9 barrels of water for waste disposal). 
Geothermal heat 
The heat within the earth can be tapped to generate steam which 
can be either used directly as a source of space heat or to generate 
electricity. It has been estimated that about 1.8 million acres in the 
United States can provide geothermal energy and potentially another 95.7 
million acres could also qualify. Most of this land is under Federal 
control but the competitive auctioning of leases for tracts (Geothermal 
Act of 1970) is expected to start soon (112). 
This form of energy can be considered inexhaustible. It appears, 
though, that only in a few selected sites where there is a sharp 
temperature gradient (for example, hot springs and volcanoes) it is 
technologically tappable (115). 
Geothermal energy, if used for heating, will have to be used near 
the source, but if used for electricity generation, than more distant 
locations may be served.^ 
Wilson (156) estimated that geothermal energy in California will 
produce in less than 20 years about 6 to 9 million kilowatts (approxi­
mately 5 percent of the total energy requirements of California). 
1 
"The Geysers were the only sizable geothermal electric power 
generating units in the U. S. in 1972. They are located in San Francisco 
and they have a capacity of 290 megawatts (112). 
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There are some environmental effects associated with topping 
geothermal energy over many decades. The density of the rock strata 
may change over time—some steam may contain high concentrations of 
hydrogen sulfide gas (air pollutant)—some fields produce mineral laden 
hot brimes, which are corrosive and present a disposal problem (115). 
The National Petroleum Council estimated that 1,900 to 3,500 Mw of 
electric power can be supplied in the U. S. by 1985 from geothermal 
resources. The Hickel Conference estimated that by 1985 the U. S. will 
have a potential of 132,000 Mw (114). 
Uranium, theorium and denterium^ 
There are two isotopes of uranium, U(235) and U(238), and they exist 
in the following proportions: U(235) -0.7 percent of all uranium and 
U(238) -99.3 percent of all uranium (115). 
With present technology only U(235) is used as a reactor fuel, 
whereas potentially, the plentiful isotope U(238) could be converted 
into plantonium which is fissionable. Theorium can also be converted 
into U(233) which is also a fissionable material (breeder reactor). 
The energy concentration of these fuels is of the order of one pound of 
nuclear fuel yielding energy equivalent to 2 to 3 million pounds of 
coal (67). 
Up to 1964 all fissionable material and reactor ownership was under 
governmental control (Atomic Energy Commission) until legislation was 
"^food is also a primary source of energy, accounting for about 0.5 
percent of the total energy consumption. No further attention will be 
given to wood as a source of energy, because of its limitation in satis­
fying future demands for energy. 
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passed that permitted ownership of fissionable material and operation 
of private commercial reactors. Full private ownership of fissionable 
material is to be achieved over a period of years. In 1966 for the firs 
time, more than 50 percent of new electricity generating capacity planne 
was dependent upon nuclear power plants. Projections for the year 2000 
estimate a capacity of 1,200,000 megawatts (109, 87). 
Uranium reserves recoverable at 8 dollars per pound of uranium 
oxide (U 0 ), are estimated at 250,000 short tons. There is another 
J o 
200,000 tons of uranium oxide identified as recoverable at up to 15 
dollars per pound and it estimated that the potential undiscovered 
resources could double the existing figures at a cost of 8 to 15 dollars 
per pound (112).^ 
Estimates of uranium oxide needed for the production of nuclear 
energy in the year 1985 amount' to 59,300 tons (93). This means that 
reserves are not sufficient for a sustained growth of conventional 
nuclear ijower plants. 
One answer to this problem would be an extensive use of breeder 
reactors with their safety connotations. But this is not the only 
solution. Nuclear power can be derived with two opposite processes: 
fission or fusion. Fission is the process where a nuclear (for example, 
uranium (235) plits to form nuclei of lower atomic number and weight. 
It is during this process that the mass loss is transformed into 
energy. This is the method used in today's nuclear power plants where 
•"Table 4.7 presents the salient uranium statistics for the years 
1967-1971. It can be seen that the AEC purchases progressively lesser 
amounts of uranium, leaving the remaining to the private industry. 
Table 4.7. Salient statistics of uranium concentrate in the U. S.® 
1967 1968 1969 1970 1971 
Domestic production: 
Content of ore, short tons 10,657 12,570 12,281 12,768 12,907 
Average grade of ore, percent U^Og 
Recoverable, short tons 
0.202 0.195 0.208 0.202 0.205 
10,330 12,070 11,870 12,340 12,260 
Value, thousands $ 165,239 182,698 142,161 149,464 152,029 
Imports concentrate, short ton» 1,309 470 1,504 665 942 
Reserves^, thousand tons 148 161 804 246 273 
Purchases by Atomic Energy Commission: 
Quantity, short tons 8,425 7,837 6,184 2,520 
Value, thousands $ 134,785 117,026 72,336 28,078 - -
Price per pound, $ 8.00 8.00 5.85 5.59 - -
Purchases by private industry, short tons 700 5,000 6,200 9,800 12,800 
^Source; U. S. Bureau of Mines "Minerals Yearbook" U. S. Department of Interior. 
^Reserves at $8 per pound U^Og. 
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the conversion efficiency of atomic energy is approximately 30 percent. 
Indeed thermal pollution effects and radioactive wastes are associated 
with this method. 
Nuclear fusion is the process in which atomic nuclei combine to 
form an atomic nucleus of higher atomic number and higher atomic weight 
and during this process there is a mass loss which is transformed 
into energy. 
This is the process that occurs on the sun, which is, four hydrogen 
nuclei combine to yield helium. The process of combining hydrogen-
hydrogen has not been achieved on earth.^ However, denterium-denterium 
has been achieved although not in a sustained and controlled reaction 
(115). 
Denterium is an isotope of hydrogen (its relative abundance in 
hydrogen is one part in 6,500) and therefore is found in water. From 
one gallon of water, enough denterium can be extracted to yield the 
equivalent energy of 300 gallons of gasoline (with a cost of a few 
pennies) (115). It is estimated that the oceans contain about 200 
trillion tons of denterium (about one hundred million times all the 
supply of fossil fuels on this earth ever) (91). 
The process of fusion could guarantee an energy availability for 
almost an infinitum. 
There are, though, also other advantages associated with the fact 
that fusion occurs at hundreds of millions of degrees centigrade. At 
^The existing hydrogen bozb employs the fusion of tritium and 
denterium which are isotopes of hydrogen. 
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this temperature, any waste material could be vaporized and recycled. 
Furthermore, there are no radioactive wastes associated with fusion and 
fusion power plants (denterium) could be 90 percent efficient, which 
would also lessen considerable the thermal pollution (115). 
Table 4.8 shows the projected domestic nuclear capacity. It can be 
seen that capacity in megawatts is expected to almost triple by 1980 
and more than quintriple by 1985. 
Water 
Hydroelectric power, accounts for 4 percent of the total energy 
consumed in the U. S. in 1972. Since 1960 the output of electricity 
from hydropower has increased by 90 percent, but the proportion of 
electricity generated from hydropower has declined (in 1960 it was 19.3 
percent of total generated electricity and in 1972 it was 16 percent) 
(112). 
Table 4.8. Projected domestic nuclear capacity^ 
Estimated cumulative capacity 
(megawatts) 
Low High Most likely 
1975 46,800 
1980 121,400 
1985 254,200 
61,400 54,500 
151,900 139,000 
321,400 286,400 
^Source: U. S. Atomic Energy Commission, as cited in Shortley 
and Williams (124). 
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Little, if any, increase in hydroelectric power is expected in the 
future since the best hydroelectric sites have been already developed 
and additional ones are resisted because of environmental considerations. 
By 1980 an additional 16,000 megawatts (an increase of 30.8 percent 
above that of 1970) capacity is expected, and by 1990 an additional 
capacity of 30,000 megawatts (38). 
Solar radiation 
Sunlight is made out of photons, which possess no weight and they 
are a form of energy themselves. Part of these photous are absorbed 
by the atmosphere. Rubbert, (65) has estimated that the earth intercepts 
solar energy at a mean rate of 17.2 x 10^^ watts, or about 380,000 times 
the total installed capacity in 1972. But this huge input of energy is 
dispersed over an immense area, and furthermore, it is variable in its 
rate of arrival, and highly intermittent. 
Solar energy can be used either by concentrating the solar rays to 
potential on then. The cost of photovoltaic cells (used to power 
satellites) is estimated at about 2 million dollars per kilowatt (112). 
Thomsen (133) calculates that a one square mile photovoltaic unit 
located where the sun shines an average of 70 percent of the day, can 
generate about 24,000 kilowatts. 
There are no environmental effects directly associated with the use 
and production of solar energy, except perhaps the possible disruption 
of normal evaporative effects on the climate of the areas involved. 
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Storage costs seem to be fairly high, but there is the possibility 
of getting solar power at night. The first possibility would be to 
elactrolyra water during the day and use the resulting hydrogen and 
oxygen gases later. This is called the secondary fuel route and appears 
to be very costly. The second possibility would be to pump water into 
a reservoir during the day and use it to generate electricity during the 
night (115). 
It appears that more research is still needed for a commercial 
utilization of solar energy. Space heating with solar energy, has 
already been used and the costs are competitive with the cost of heating 
by fossil fuels in some parts of the country, and that it could provide 
about 80 percent of the heating needs.^ A panel of the National Science 
Foundation, believes that 10 percent of the country's liquid fuel 
needs, 20 percent of its electrical needs and 30 percent of the gaseous 
fuel needs could be met by the use of solar energy by the year 2020 
(35 percent of heating and cooling in buildings). A 100 million dollar 
research fund is estimated to be necessary over a 10 year period of 
time in order to develop conmercially solar heating equipment. The 
total cost of developing solar energy is estimated at 3.5 billion 
dollars (54). 
1 
•^Blitzer (16) estimates how such should we be willing to invest 
in research and development for solar energy that will yield in year 
2020 about 8 billion per year fuel savings. Using a 10 percent rate 
and 20 years life (like infinity), the present value of the benefits 
is 8.3 billion dollars. It means that we should consider programs in 
solar energy whose discounted costs do not exceed this figure. 
Presently only a few million dollars are employed. 
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Secondary Sources of Energy 
The secondary sources of energy impinge upon the primary sources 
for their production. They represent more convenient sources with 
respect to utilization and some produce less external effects. Yet, the 
crucial factor here becomes the efficiency of conversion. 
Electricity, hydrogen and synthetic fuels will be studied in this 
section. The refined products properly belong under the heading of 
synthetic fuels of energy but were treated along with petroleum to simplify 
the exposition. 
Wind 
The wind is generated by the uneven heating of the atmosphere by 
the sun, and it is even more dispersed than solar power. This is also 
a flow resource (renewable) and its incidence is about 0.9 watts per 
square inch (approximately 20 percent of all solar power) (115). 
Tides 
Tidal power is estimated at about 1 to 3 trillion watts. If 
harnessed by man, it could satisfy about half of today's energy needs. 
Generation of eletric power is possible and therefore no pollution 
effects associated with harnessing tides. One difficulty is that this 
power is despersed and that with present technology man could satisfy 
about 1 percent of present energy needs since the tides should be 
approximately thirty feet for electric power generation (115). 
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Electricity 
The electric power industry is subject to government regulation. 
The Federal Power Commission (created in 1920) has the authority to 
licence non-federal hydroelectric projects on streams that are subject 
to federal jurisdiction and to regulate interstate operations. The 
first federal river basin project was the Tenessee Valley Authority. 
The monopolistic character of the electric power industry has been 
recognized and state regulation refers to the concept of "public utility" 
which entails the characteristics of providing services of special im­
portance and that these services are provided under circumstances that 
lead to monopolistic power. 
The comprehensiveness of state regulation varies considerably 
given the complex of municipal, business and consumer interests involved. 
The share of hydroelectric power, in the production of electricity, 
as it was pointed out earlier, has been decreasing whereas fossil fuels 
nuclear power plants, more than double between 1964 and 1972. Yet, the 
relative share of nuclear power plants is as low as 3 per cent of total 
electricity produced. 
the capital value of the assets, the conçany is allowed to earn a speci­
fied rate of return and therefore, a detailed rate structure is determined 
(different rates for different classes of customers by taking into con­
sideration the different group demand elasticities) which covers the 
authorized costs and allows for the specific rate cf return (109). 
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It seems that electricity does not have a very high thermal 
efficiency. Cook (25) estimates that the thermal efficiency of 
electricity is about 32 percent, whereas if we were to use the fuels 
directly, efficiency would be ranging from 60 to 90 percent. 
Hydrogen 
Although electricity is a clean and convenient form of energy, it 
does not seem to be the practical and economical way for transporting 
energy. 
Hydrogen is a gaseous fuel that can be easily transported and 
distributed by pipelines at a lower cost than electricity. The cost of 
transmission and distribution to residential consumers is in excess of 
50 percent of the total cost at the point of line use. In the case of 
hydrogen the transmission cost would be in the range of 0.02 dollars to 
0.04 dollars per 10^ Btu per 100 miles as opposed to 0.01 dollar per 
10^ But per 100 miles for natural gas and over 0.20 dollar for future 
underground electric transmission of electricity (environmental con­
siderations will require underground electric transmission) (158). 
Hydrogen is also more convenient because of its storability 
whereas in the case of electricity continuous adjustment of the out­
put must be sads to meet the variable demand^ 
Winsche, Hoffman and Selrano (158) compared the total costs for 
fuel, transportation, distribution and maintenance for different fuels 
as well as their environmental impact. Their conclusion is that a hy­
drogen supply system can have greater flexibility and be competitive with 
electricity. 
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It could therefore be made a case for a hydrogen supply system In 
which all primary sources of energy will be used to produce hydrogen, 
since hydrogen can satisfy almost all today's requirements for energy. 
Synthetic fuel 
Synthetic fuel can be derived from organic matter (converted by 
fermentation or chemical technology) to produce a combustible fluid. 
Coal gasification and liquification is another form of synthetic fuel. 
The estimated reserves of coal are equivalent to more than 1,600 billion 
barrels of oil, or 9,000 trillion cubic feet of natural gas. Once. 
though, coal is converted into a gaseous or liquid form it looses about 
20 percent of the initial energy content (112). Table 4.9 shows the pro­
portions of man's needs that could be satisfied with synthetic sources 
of fuel. It can be seen that oil from coal could totally satisfy present 
needs. A special case is made for methanol because it can be made from 
almost any fuel (coal, petroleum, natural gas, oil shale, wood, farm and 
municipal wastes). Furthermore it is easily stored and transported. It 
can also be added to gasoline for cars with no modification in the engine 
and reduces also the environmental impact of car emissions. 
^The fuel cell convert into electricl energy, the chemical energy 
which is released from the reaction between a fuel and an oxident through 
electrolysis. It's conversion efficiency is up to 75 percent and it can 
use either hydrogen and oxygen or fossil fuels. It is non-polluting and 
has no maintenance costs but the cost of electricity so generated becomes 
extremely high. 
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Table 4.9. Coal and future needs^ 
Could provide our 
present needs up to: For approximately: 
Synthetic oil from: 
Half of our coal 100% 150 years 
Organic growth (on 
arable land not 
now in use) 10% Indefinitely 
^Source: L Rocks and R. P. Runyon 'The Energy Crisis" Crown 
Publishers, Inc., New York, 1972. 
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CHAPTER V. MODEL FOR ESTIMATING AND ANALYZING 
THE DEMAND FOR AND SUPPLY OF PETROLEUM 
A systematic analysis of the demand and supply for energy is needed 
in order to identify appraise alternative policies designed to reconcile 
future demands and supplied of energy resources. 
Chapter I through IV presented the characteristics of demand for and 
supply of energy resources and their interactions. Assessment of the 
present demands and supplies of energy resources and their specific 
characteristics is the starting point of the analysis. Knowledge of the 
activities and cross elasticities is crucial for projecting demands and 
supplies of energy. 
Attention now focuses on the estimation of price and income 
elasticities as well as the magnitude of the substitutions that have 
taken place in the past. By estimating these parameters, a more accurate 
prediction of future demand and supply of energy resources can be achieved. 
The empirical investigation is limited to the peLroleum mârket. 
Nonavailability of data as well as limited resources and time were the 
main reasons for focusing the study on one market. An attempt is made 
to investigate the crude petreleum market as well as the specific demands 
for refined petroleum products. 
The U. S. crude petroleum market can be represented by the following 
relationship: 
S + A stocks = (M - X) = D 
where S is the supply of crude petroleum 
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A stocks is the change in stocks 
M represents imports of crude petroleum 
X represents exports of crude petroleum 
D is the domestic demand for crude petroleum 
By assuming that in the long run the changes in stocks cancel out 
and disregarding exports as being an insignificant amount of total den^and, 
their relationship^ can be rewritten as: 
S + M = D (1) 
A demand, a supply and an import equation were estimated by using 
multiple regression analysis. The specific assumptions made for each of 
the equations and the resulting estimates will be presented in the 
2 
following sections of this chapter. 
The purpose of estimating the components of the above relationship 
is to generate future projections of demand and supply under alternative 
assumptions. Appendix B presents the data sources for estimating the 
demand, supply and imports of crude and the demands for the refined 
products. The necessary transformations made on the original data are 
also presented in Appendix B. Annual time series data were used for the 
analysis. 
^Exports have been well below 0.1 percent of total demand during 
the period 1959-1972 with the exception of 1957 when exports reached 
0.7 percent. 
^he sampling period was determined by the availability of data. 
The year 1959 was the first year that all data were available for the 
U. S. on the basis of 50 states. The year 1972 was the last year for 
which complete data were found. The long-run elements of the model were 
left out because of the difficulties associated with their estimation. 
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Estimated Demand for Crude Petroleum—The Elasticities of Demand 
The U. S. demand for crude petroleum was estimated under the follow­
ing alternative assumptions. First, dynamic and static demands were 
assumed. These demands were fitted on time series data for the period 
1959-1972. Both relative and absolute prices of related sources of 
energy were introduced as determinants of the demand for crude. It was 
also assumed necessary to deal with the estimation of the demands for 
refined products in making the projections of the total demand for 
petroleum. These assumptions were used in developing the model in this 
chapter which will be used for the projections in Chapter VI. 
A dynamic demand function 
A dynamic demand equation fair crude oil is estimated for the 
United States with time series data for the period 1959-1972. The 
dynamic elements of demand are particularly important with respect to 
habit formation. The quantity demanded at a given period of time 
affects the quantity demanded at the next period, in the case of non­
durable goods and services. Furthermore, the short run elasticities 
are found to be less than the long run elasticities (in absolute value) 
because complete adjustment to changes in income and/or prices often 
takes years (63). 
Assuming that the capital stock, which utilizes energy, is fixed 
in the short run and that the utilization of energy is a function of 
normal economic conditions, Houthakker, et al. (64) postulate a flow 
adjustment process which will be used in the estimation of the demand 
for crude oil. 
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* 
Assume, that at time t there is a potential demand for crude 
r 1 
petroleum by individuals at time t . This demand is a function of real 
income and price where per capita real income (Y^) at time t and price 
(?^) at time t deflated by the wholesale price index are used for the 
estimation: 
1* '  f(! \ .  \ )  
In log-linear form: 
q* = 
Furthermore a flow adjustment process is postulated which implies an 
ic 
excess demand (since is always greater than q^) and can be expressed 
as follows: 
q^/qt-1 = (q*/qt.i)^ 
The term represerits actual demand and the restriction cr. X is th: 
following. 0 < X < 1; the equation to be estimated becomes: 
In q^ = Xln x + XBln + Xj Iny^ + (1-X) In q^_^ 
Where Xln x is the intercept of the demand equation, xB is the short 
run price elasticity (for the period t-1, t), Xj is the short run income 
elasticity and 1-X is the relative responsiveness of the demand in period 
t to the amount demanded in period t-1. The long run price elasticity is 
^The demand equations in this study were treated as final demands 
because of the difficulties associated with the estimation of derived 
demands. 
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given by B (meaning the average elasticity over the sample period) and 
the long run income elasticity is given by j. 
This equation was estimated with time series data for the period 
1959-1972 by using ordinary least squares (see Appendix B for data 
sources and transformations).^ The quantity demanded of crude and real 
income are expressed in per capita terms. The price of crude petroleum 
represents the price at the well head and is deflated by the wholesale 
price index. The results of the estimated parameters of the equation 
2 
are as follows: 
q^ = 3.3673-0.30321 (lOOOP)^ + 0.06724 + 0.88817 q^_^ (2) 
w 
(1.147) (0.734) (7.703) 
**** 
R = 0.98 D.W. = 1.794 
It can be seen that the lagged demand term absorbs most of the 
variation ir. the function having a level of significance of 0.005. The 
short run price and income elasticities are 0.3 and 0.06 respectively, 
and the long run price and income elasticities are 2.7 and 0.6. 
^The least squares estimation of the general linear model can be 
found in Johnston's book "Econometric Method^'(68). 
2 
Numbers in parentheses represent t values. Stars indicated the 
level of significance as follows: ****, level of significance of 0.005; 
***, level of significance of 0.010; **, level of significance of 0.025; 
*5 level of significance of 0.05; no stars, level of significance of 0.10 
or more. Where the lagged endogenous variable appears on the right hand 
side of the equation, then the t values are only approximate values since 
the estimators are consistent but not unbiased. 
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Alternative models used in the estimation of 
the demand for crude petroleum 
The demand for crude petroleum was estimated with alternative models 
in order to determine the one that gives the best representation. 
In the estimation of the dynamic demand for crude petroleum it can 
be seen that the logged demand variable absorbs most of the variation in 
q^. Furthermore, since the demand for crude petroleum is essentially a 
derived demand, an attempt is made to incorporate the refining capacity 
of crude in the relationship. 
By using the same specification for the dynamic demand for crude 
used in the derivation of equation 2, the new equation is estimated 
again with O.L.S. fay adding the capacity of refining (C^) as one of the 
exogenous variables (see Appendix B for data sources and transformations). 
The results of the estimated equation are as follows: 
q = 4.7667 - 0.4711 (lOOOP) + 0.0351 Y 
w 
(1.7989) (O.4077) 
+ 0.2878 + 0.483156 q^_^ 
(1.6963) (1.85) 
R = 0.99 D.W. = 1.6433 
The short run price and income elasticities are respectively 0.47 
and 0.03 and the long run price and income elasticities are 0.91 and 0.05. 
The relative responsiveness of the demand for crude to changes in the 
refining capacity was estimated to be 0.28 for the short run and 0.55 for 
the long run. 
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Looking at the approximate t values of the estimated equation, it 
can be seen that the results are not satisfactory. None of the 
coefficients is significant. An alternative model should be used to 
estimate the demand for crude petroleum. 
The demand for crude petroleum (q^) in per capita terms at time t is 
now estimated within the static framework of demand as a function of 
per capita real income (Y^) and price (P^) which is deflated by the 
wholesale price index. The postulated equation is of the form: 
®1 
St = *0 ft 
and in logarithmic form it becomes; 
In q^ = In Bq + In + B^ In 
where In Bq is the intercept of the demand equation, B^ is the long run 
price elasticity and is the long run income elasticity. 
This equation in logarithmic form was estimated for the period 
1959-1972 with the same time series data as before by using ordinary 
least squares and the results are as follows; 
q^ = 4.2074 + 0.0679 (lOOOP)^ + 0.6117 Y^ 
w 
(0.104) (4.180) 
**** 
R = .97 C.W. = 0.318 
The magnitude of the Durbin-watson statistic being smaller than 
the lower bound d^ suggests the existence of positive auto correlation. 
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G.L.S. were therefore used for estimating the above equation in order to 
correct for autocorrelation. By using generalized least squares (see 
Johnston (58) for the explanation of the method) the resulting estimates 
become : 
q = 6.0657 - 0.0595 (lOOOP) - 0.5293 Y (4) 
w 
(0.199) (4.579) 
**** 
R = .99 p = 0.78655 D.W. = 0.980 
The long run price and income elasticities are 0.05 and 0.52, 
respectively. The income coefficient is significant at the 0.005 level 
but the price coefficient remains still nonsignificant 
Another approach to estimating the demand for crude petroleum is 
used by adding the capacity for refining as an exogenous variable in the 
static specification. The resulting estimated equation is as follows: 
_ —. n V  ^ J-
(2.158) (0.541) (7.503) 
** **** 
R = 0.99 D.W. - 1.365 
The long run price and income elasticities are 0.60 and 0.05, 
respectively. The relative responsiveness of the demand for crude to 
the refining capacity is the same as in the dynamic specification 
r\ c/>cA /1 nnf\T)\ _i_ r\ nci-7 \t JL n c"7A o w • vr « \j • v./ A. / J. ^  ^ ^  I -TV/ 
w 
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The t values here are improved both for the price and the capacity 
variable. The income variable appears consistently (with all the models 
tried in this study) with a low level of significance except in the case 
where generalized least squares were used for the estimation. The low 
level of significance of the real per capita income suggests that indeed 
the demand for crude oil should be properly estimated as a derived demand 
where income would not be one of the arguments in the function. 
Cross elasticities of demand 
An attempt is made here to estimate the magnitude of the price 
cross elasticities of demand in determining the relative substitutability 
between fuels. 
By assuming that the demand for crude petroleum is a function of not 
only its own price and real income, but also a function of the prices of 
related fuels, the following two relationships were estimated: 
First, a demand function (D^) in per capita terms at time t was 
oo o f  r>4- ^ o 4 n f V  I flnrî \rp 
prices. The relative prices considered were the price of crude petroleum 
with respect to the price of natural gas (P^), the price of anthracite 
with respect to the price of natural gas (A^), and the price of bituminous 
and lignite with respect to the price of natural gas (B^) (see Appendix B 
for data sources and transformations). 
The postulated equation is of the form: 
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This equation in logarithmic form was estimated for the period 
1959-1972 with time series data by using ordinary least squares and the 
results are as follows: 
q^ = 3.5455 + 0.0032 + 0.554 + 0.0841 + 0.1238 BJ 
(0.021) (7.896) (0.838) (1.583) 
R = 0.98 D.W. - 1.09 
After correcting for autocorrelation by using generalized least 
squares (since the Durbin-Watson statistic is small) the resulting 
estimated eouation is: 
q^ = 4.1234 - 0.519 + 0.533 + 0.102 + 0.105 (6) 
(0.33) (6.48) (1.07) (1.44) 
**** 
R = 0.99 p = 0.45028 D.W. = 1.42 
Secondly, a demand function in per capita terms (q^) is estimated 
as a fiinçtion of per capica income (Y^) ; the price of crude perroleum 
(P^) and the prices of uranium (U^), anthracite (A^), natural gas (N^) 
and bituminous and lignite (B^). (See Appendix B for data sources and 
transformation.) Time series data for the period 1959-1972 were used for 
the estimation of the following function; 
= B A®/ s'5 
The above equation in logarithmic form was first estimated with ordinary 
least squares. The Durbin-Watson statistic suggested the existence of 
autocorrelation. The equation is estimated again with generalized least 
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squares and the resulting estimates are as follows: 
q^ = 7.3007 - 0.1066 + 0.3301 + 0.0346 
(0.358) (3.844) (0.712) 
(7) 
+ 0.0744 - 0.081 + 0.00049 
(0.772) (0.836) (0.0073) 
R = 0.96 p = 0.4786 D.W. = 1.207 
It can be seen from the above equation that the magnitudes of B^, 
B, are fairly small. Indeed as noted in Chapter II, the substitution 
effect measured here represents a market relationship which existed in 
the past and does not take into consideration potential future substitu­
tions among fuels. An interesting result that comes across from the 
above equation is the complementary effect between natural gas and crude 
oil. Indeed crude oil is used for the production of refined products 
which require the addition of natural gas liquids. 
Estinisted Demand s for Refined Petroleum 
Products--The Elasticities of Subdemands 
As noted previously in this study, crude petroleum is used in the 
refinery processes, along with natural gas liquids, in order to produce 
refined products= 
Estimation of these subdemands becomes important in determining the 
necessary mix of products to be refined at any given period of time which 
in turn has implications with respect to the "decision tree" concept 
which was presented in Chapter II. The demand for crude petroleum is put 
into different uses, only after it has been refined. 
132 
The following equation represents the technical relationship between 
crude and the 12 major refined products which were identified in Chapter 
IV: 
Where is the demand for refined products at time t, n is the 
number of refined products identified, is the demand for crude 
petroleum and is the amount of natural gas liquids and lease condensate 
used in the refining process. 
Eleven demand equations are estimated, one for each refined product, 
except for road oil and asphalt that are estimated together. The models 
used for estimation are described below. 
A dynamic demand equation for gasoline is estimated with O.L.S. by 
using time series data for 1959 to 1972.^ The per capita demand for 
gasoline (F,is assumed to be a function of its price (P^) deflated by 
the consumer price index (c^), per capita income (Y^) and the level of 
per capita demand in period t-1 (see Appendix B for data sources and 
transformations). The resulting estimated equation is as follows: 
= 0.994 - 0.102 / ^ + 0.1604 + 0.893 F_ , (8) it t/ct t J.t-1 ^ ' 
(0.65) (3.46) (8.332) 
**** **** 
R = 0.99 D.W. = 2.57 
The dynamic demand framework used for the estimation of some of 
the demands for refined products is the same to the one used in the 
estimation of the demand for crude petroleum. 
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The resulting short run price and income elasticities are 0.102 and 
0.16 respectively, which suggests an inelastic demand both with respect 
to prices and income. In the long run, both price and income elasticities 
increase. The long run price laasticity becomes 0.95 and the long run 
income elasticity 1.49. 
The estimated dynamic demand can be compared with the results ob­
tained by Houthakker (64) who estimated a dynamic demand for gasoline by 
pooling together time series data for the period 1961 to 1971 and cross 
section data for the period 1963-1972 for 48 states and the District 
of Columbia. The postulated equation was estimated by using the error 
component technique and the results are as follows: 
F. = 0.599 - 0.075 + 0.303 + 0.696 F. ^ , 
It it It i^t-i 
(0.032) (0.013) (0.017) (0.019) 
= 0.92 
The price variable (p) was deflated by the consumer price index and 
the income variable represents real per capita disposable income. The 
subscript i refers to the state cross section data and the values in 
parenthesis represent the standard error of the estimate. The short run 
price and income elasticities are 0.07 and 0.3 respectively and the long 
iùïi price âiid iïiCOiiië êlâôLicltiëS 0.24 ëiid 0.98. All élââ tlcltièS <àré 
smaller than the ones found in this study. 
Gasoline competes with the rest of the refined products in the 
process of refining. Furthermore, there is substitutabilicy between 
gasoline and other refined fuels. The refining capacity for gasoline 
was included in the exogenous variables affecting the per capita demand 
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for gasoline in order to provide a constraint on the maximum amount of 
gasoline refined. The relationship is estimated both with the static 
framework and the dynamic one with ordinary least squares. The results 
obtained by using the dynamic framework are as follows: 
= 3.5155 - 0.1867 + 0.1275 + 0.0878 
(1.085) (2.359) (1.139) 
** (9) 
+ 0.6614 
(2.887) 
*** 
R = 0.99 D.W. = 2.81 
The resulting short run price and income elasticities are 0.18 and 
0.12, respectively, and the long run price and income elasticities are 
0.55 and 0.37. The relative responsiveness of the demand to the refining 
capacity of gasoline is 0.08 in the short run and 0.25 in the long run. 
The results obtained by using the static framework seem overall more 
satisfactory and are as follows: 
= 12.2320 - 0.5410 + 0.0770 -i- 0.2854 (10) 
(3.397) (1.144) (6.097) 
**** **** 
R = 0.99 D.W. = 1.986 
The long run price and income elasticities are 0.54 and 0.07, respectively, 
and the elasticity with respect to the refining capacity is 0.28. 
A dynamic dezand equation for coke is estimated -with O.L.S. by 
using time series data from 1959 to 1972. The per capita demand for coke 
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(fg^) was assumed to be a function of per capita real income (Y^), a 
time trend (T) and the level of per capita demand in period t-1 (see 
Appendix B for data sources).^ The resulting equation is as follows: 
F„ = 0.1825 + 0.0047 T + 0.0613 Y^ + 0.596 ^ (11) 
2t t 6t-i 
(0.111) (0.041) (2.755) 
*** 
R = 0.83 D.W. = 1.78 
The short run income elasticity was found to be 0.0613 and the 
long run income elasticity was 0.1517. 
By using a proxy variable for price, the demand for coke is estimated 
again in the ordinary least squares and the results are as follows: 
Fg^ = 5.8951 - 0.01771 + 0.5958 Y^ (12) 
(0.026) (3.907) 
**** 
R = 0.79 D.W. = 1.147 
The proxy variable used in this equation is the price for light 
fuels deflated by the wholesale price index (see Appendix B for data 
sources). The long run price and income elasticities are found to be 
0.17 and 0.59, respectively. 
A dynosiic dszsnd ecustioa for residual fuel is estimated vith 0=I-S = 
by using tiine series data for the period of 1959-1972. The per capita 
demand for residual fuel (F^^) is assumed to be a function of its own 
price at time t, per capita real income in time t and the level of 
^rice data for coke were note available. 
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demand period t-1 (see Appendix B for data sources and transformations) . 
The resulting estimated equation is as follows: 
= -2.354 - 0.0167 + 0.275 + 0.899 (13) 
(0.113) (2.66) (7.186) 
** **** 
R = 0.98 D.W. = 2.03 
The short run income and price elasticities are 0.275 and 0.016 
respectively. In the long run the income elasticity becomes 2.7228 
whereas the price elasticity becomes 0.1653 which suggests an 
inelastic demand. 
A dynamic demand equation for lubricants is estimated with O.L.S. 
by using time series data for the period 1959-1972. The per capita 
demand for lubricants (F^^) at time t is assumed to be a function of its 
own price (P^), real per capita income (Y^), the level of demand in 
period t-1 and a linear time trend (see Appendix B for data sources). 
The resulting estimated equation is as follows: 
F, = 7.4561 - 0.301 P + 1.27 Y - 0.429 F, , - 0.04 T (14) 
4t t t 4t-l 
(3.105) (1.64) (1.64) (2.49) 
*** ** ** 
R = 0.78 D.W. = 1.848 
The short run income and price elasticities are 1.27 and 0.301, 
respectively. The long run income and price elasticities are 2.96 and 
0.52, which suggests an inelastic demand with respect to price but 
fairly respondent to changes in income. 
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A dynamic demand equation for wax is estimated with O.L.S. by 
using time series data for the period 1959-1972. The per capita demand 
for wax (F^^) at time t, is assumed to be a function of per capita real 
income (Y^) and the level of demand in period t-1 (see Appendix B for 
data sources).^ The resulting estimated equation is as follows: 
= -1.89 + 0.406 + 0.859 F^^^ (15) 
(3.0528) (6.88) 
*** **** 
R = 0.90 D.W. = 2.59 
The short run income elasticity is estimated to be 0.4 which suggests 
little respondance to income. The long run income elasticity is 2.87 
which indicated a substantial influence of income on demand. 
The same equation is also estimated by adding the price of lubricants 
deflated by the wholesale price index as a proxy variable (see Appendix 
B for data sources). The results of the estimation are as follows: 
•5t " -0-6112 - 0.04440 + 0.3576 Y_ + 0.8161 (16) 
(0.197) (1.252) (3.195) 
**** 
R = 0.90 D.W. = 2.56 
The short run price and income elasticities were found to be 0.44 
and 0.35, respectively, and the long run price and income elasticities 
2.42 and 1.95. 
"^rice data for wax were not available for the entire sample period. 
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A dynamic demand for still gas is estimated with O.L.S. by using 
time series data for thexperiod 1959-1972. The per capita demand for 
still gas (Fgj.) at time t, is assumed to be a function of real per capita 
income (Y^) and the level of demand in period t-1 (see Appendix B for data 
sources).^ The resulting estimated equation is as follows: 
= 1.3068 + 0.198 + 0.74 F,, , (17) 
ot t ot-i 
(2.461) (3.822) 
** **** 
R = 0.88 D.W. = 2.048 
The short run income elasticity is estimated to be 0.19. The long 
run income elasticity is found to be 0.76 which means that the demand of 
still gas is not elastic with respect to income. 
The per capita demand for still gas is estimated by adding a proxy 
fuel deflated by the wholesale price index and the price of light fuel 
deflated by the consumer price index (see Appendix B for data sources). 
By using the price of light fuel deflated by the wholesale price 
index (P^^), the following results are obtained: 
F,^ = 2.5847 - 0.1091 P ^ + 0.1868 + 0.7463 , (18) 
6t wt t 6t-l 
(0.304) (2.028) (3.674) 
*** **** 
R = 0.88 D.W. = 1.984 
The short run price and income elasticities are found to be 0.10 
•'Trice data for still gas are not available. 
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0.18, respectively, and the long run price and income elasticities 0.43 
and 0.73. 
By using the price of light fuel deflated by the consumer price 
index (P^^), the following results are obtained: 
= 1.6491 - 0.0200 P ^ + 0.1905 + 0.7358 , (19) 
6t ct t ot-i 
(0.052) (1.119) (3.309) 
**** 
R = 0.88 D.W. =2.034 
The short run price and income elasticities are found to be 0.02 and 
0.19, respectively, and the long run price and income elasticities 0.07 
and 0.72. 
The demand for still gas is also estimated within the static frame­
work of demand and the price of light fuel deflated by the consumer 
price index is again used as a proxy variable. The results of the 
estimation are as follows: 
F, = 16.332 - 0.5343 P ^ + 0.1142 (20) 
6t ct t 
(1.108) (0.49) 
R = 0.73 D.W. = 0.716 
The long run price and income elasticities are found to be 0.53 and 
0.11 respectively. 
A dynamic demand for road oil and asphalt is estimated with O.L.S. 
by using time series data for the period 1959-1972. The per capita 
demand road oil and asphalt (F^^) at time t. is assumed to be a function 
of per capita real income (Y^) and the level of demand in period t-1 (see 
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Appendix B for data sources). The resulting estimated equation is as 
follows : 
F, = 3.71 + 0.399 + 0.213 F^^ , (21) 
7t t 7t-i 
(2.398) (2.129) 
** * 
R = 0.92 D.W. = 1.66 
The resulting short run income elasticity is 0.39 and the long run income 
elasticity increases to 0.50 which means that the demand for road oil and 
asphalt is inelastic with respect to income. 
The remaining four demand equations (liquified fuel; feedstock; 
distillate fuel and kerosine) are estimated in log linear form without 
using the assumptions of the dynamic framework. 
The demand for road oil and asphalt is also estimated by using the 
static framework of demand and by adding the price of lubricants deflated 
by the wholesale price index as a proxy variable for price (see Appendix 
B for data sources). The results of the escimacion are as follùwo; 
F^j. = 9,069 - 0.1860 -r 0.6726 (22) 
(5.126) (15.063) 
**** **** 
R = 0.98 D.W. - 2.043 
The results with this equation seem better than the results obtained 
by utilizing the dynamic equation (the level of significance of both 
coefficients is very high). The long run price and income elasticities 
Price data for road oil and asphalt were not available. 
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were found to be 0.18 and 0.67, respectively. 
The demand for liquified fuel is estimated with O.L.S. by using 
time series data for the period 1959-1972. The per capita demand for 
liquified fuel (Pg^) at time t, was assumed to be a function of its own 
price (P^) and per capita real income (Y^) (see Appendix B for data 
sources). The resulting estimated equation within the static framework 
of demand is as follows: 
Fgj. = 1.564 - 0.067 + 1.243 Y^ (22) 
(0.274) (6.197) 
R = 0.94 D.W. = 1.73 
The resulting long run price and income elasticities were found to be 
0.06 and 1.2, respectively. 
The demand for petrochemical feedstock is estimated with O.L.S. by 
using time series data. The sampling period is limited to ten years 
(1965-1972), silice 1363 was the first year for ".Jhich statistics on 
petrochemical feedstock were published. The per capita demand for 
petrochemical feedstock (F_^) at time t, is assumed to be a function of 
per capita real income (Y^), a linear time trend (T) and the price of 
coal chemicals (P^^) (see Appendix B for data sources and transforma­
tions).^ The resulting estimated equation within the static framework of 
demand is as follows: 
^It was not possible to derive any price estimates for the 
petrochemical feedstock. 
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= -5.2229 - 0.0068 T + 0.124 + 1.83 (23) 
(0.196) (0.145) (2.91) 
* ** 
R = 0.96 D.W. = 1.63 
The long run income elasticity is found to be 1.83 and the magnitude of 
substitution with coal chemicals 0.124. 
The demand for distillate fuel is estimated with O.L.S. by using 
time series data for the period 1959-1972. The per capita demand for 
distillate fuel (F^g^) at time t is assumed to be a function of per 
capita real income (Y^) (see Appendix B for data sources)/" The resulting 
estimated equation within the static framework is as follows: 
F^o^ =5.126 + 0.68 Y^ (24) 
(7.498) 
**** 
R = 0.90 D.W. = 0.35 
The long run income elasticity is found to be 0.68. 
The per capita demand for distillate fuel is also estimated by using 
the price of light fuel deflated by the consumer price index as a proxy 
variable for price. The results of the estimation are as follows: 
^lOt " 16-8220 - 0.7874 + 0.3391 Y^ (25) 
(2.082) (1.857) 
* * 
R = 0.73 D.W. = 0.934 
^No price data were available for distillate fuel. 
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The long run price and income elasticities are found to be 0.78 and 
0.33, respectively. 
The demand for kerosine is estimated with O.L.S. by using time series 
data for the period 1959-1972. The per capita demand for kerosine 
at time t is assumed to be a function of per capita real income (Y^) and 
of price deflated by the consumer price index (see Appendix B for data 
sources). The resulting estimated equation within the static framework 
of demand is as follows: 
53.933 - 3.7110 + 0.06436 (25) 
(0.6473) (0.0187) 
R = 0.44 D.W. = 2.375 
The resulting long run price and income elasticities are 3.71 and 
0.64, respectively. Since the coefficient of determination is fairly 
low and t values not very significant, the per capita demand for kerosine 
is also estimated with the dynamic framework. The results of the 
estimation are as follows; 
F,, = 67.868 - 4.7457 P + 0.1829 Y - 0.2544 D , (26) l i t  t  c  C - i  
(0.793) (0.052) (0,790) 
R = 0.49 D.W. = 2.099 
The resulting short run price and income elasticities are found to 
be 4.74 and 0.18, respectively, and the long run price and income 
elasticities 6.36 and 0.24. 
The price used is believed to be not the appropriate one since 
kerosine has different uses such as for aviation and as a motor fuel. 
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The equation is estimated again by replacing price by a linear 
time trend and the results are as follows: 
= -23.126 - 0.1053 T + 4.3648 Y (27) 
J. it L 
(2.845) (3.504) 
*** 
R = 0.82 D.W. = 0.916 
The long run income elasticity is found to be 4.3 and the equation seems 
to be better for predictive purposes since a higher coefficient of 
determination is achieved and the t values are higher. 
Estimation of the Supply of Crude Petroleum 
The Supply Equation 
In formulating a supply function of crude petroleum for the U.S., 
certain assumptions about the profit maximizing decisions with respect 
to output and prices, must be made. 
Crude petroleum is an exhaustible stock resource. Furthermore, it 
was observed in Chapter IV, that the petroleum market is characterized by 
imperfect competition. In such a setting, joint stock companies 
predominate and the assets of these firms are easily exchanged. The oil 
companies, furthermore, have ready access to the loan market of long 
term bonds, intermediate loans and short run credit. 
The planning horizon of the industry is determined by the amount of 
available physical reserves at any given time and the rate of extraction. 
If, the industry wants to maximize profits over time, it will sell its 
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output when it believes that the highest possible price of crude petroleum 
exists in the market. 
But some minimum amount of output will be produced each year given 
that the industry faces a downsloping demand curve and that substitutes 
may take over the market. 
It will be assumed that the profit maximizing decisions of the 
industry are taken each year with regard to the expectations about, 
prevailing economic conditions in the next period. Also, the following 
assumptions will be implicit in the analysis: (1) reserves are of 
uniform grade and known, (2) the oil industry invests, borrows and lends 
at the same rate of interest, (3) the industry can adjust its rate of 
output, measured in barrels per period and also the amount of capital 
expenditures and (4) supply prices of inputs are given, fixed and known 
with certainty. 
The industry is faced with a portfolio decision. It can choose 
to invest, borrow or increase the rate of output. If, at present, the 
industry expects prices to rise sharply in the next period, then 
production will not rise and may decrease this year. Increases in output 
will be deferred for next year if the increase in price is such as to 
compensate for the lost income that the increased output would have 
urought by investing the net revenue.^ The crucial variable then becoœs 
the difference between the rate of interest (i) and the rate of increases 
in prices. Expression 1 represents the difference between price of next 
period and the capitalized price of the previous period: 
"^The same applies if the firm needed extra cash and had to borroif. 
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(1) P,+i - P, (141) 
This expression is equivalent to equation 2 which 
- P. .. . 
(2) p - i I 0 
if positive, then supply is going to increase in period t, if negative, 
the supply is going to decrease (or not increase) in period t, and if 
it is equal to zero, then it denotes indifference. 
A supply equation (S^.) is estimated as a function of proved 
reserves (physical supply) at period t (R^), the amount of capital 
expenditures of the oil industry (K^), and the interest rate (i^).^ 
The supply of crude is hypothesized to be of the form: 
St = "t 4 
The result of the estimation with O.L.S., of the above equation in 
log linear form (with time series data for the period I959-I972), is 
as follows : 
= 3.3424 + 0.1916 i^ + 0.4805 + 0.458 (27) 
(4.00) (3.776) (4.135) 
**** A'AA A **** 
R = 0.95 D.W. = 2.25 
Since expression 2 yields negative numbers (the rate of increase 
in prices is smaller than the interest rate for some years) it is assumed 
that producers expectations with respect to future prices have elasticity 
of 1 and the variable therefore reduces to the interest rate. The 
sources of the data used are presented in Appendix B. 
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The long run elasticity of the supply with respect to the interest 
rate was found to be 0.19, with respect to reserves 0.48 and with 
respect to capital expenditures 0.45. By looking at the results of the 
estimation it can be inferred that the postulated hypothesis with 
respect to the behavior of the oil industry are supported. 
Indeed, the relationship of price and supply does not necessarily 
have to be a positive one. By using the same equation and substituting 
the interest rate by the price of crude deflated by the wholesale price 
index. The supply equation is estimated again. The results of the 
sstisation are as follows: 
= 18.933 - 1.4211 + 0.3076 + 0.5538 (28) 
(1.808) (1.882) (3.238) 
* **** 
R = 0.95 D.W. = 0.991 
The results do not seem as good when looking at the t values and 
furthcrtnore thz pries appears to be not very significant and with 
a negative coefficient. 
By eliminating the variable representing reserves, since its 
significance was low, the equation is again estimated and the results 
are as follows: 
= 13.1056 - 0.3417 + 0.5229 K (28) 
(0.773) (8.943) 
R = 0.93 D.W. = 1.005 
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Since the D.W. statistic falls between the upper and lower bounds, 
the equation is again estimated with generalized least squares to correct 
for autocorrelation. The results of the estimation are as follows: 
Sj. = 11.9242 - 0.2093 + 0.5185 (30) 
(0.541) (8.778) 
•A'A"A."A' 
R = 0.95 = 0.387 D.W. = 1.375 
It can be seen that no noticeable difference appeared in the results. 
The import equation 
The import equation was estimated with time series data by using 
O.L.S. based on data for the period 1959-1972. 
Per capita demand for imports of crude petroleum (M^) at time t 
is made a function of the import price (P^^) at time t, the domestic 
price (P^) at time t, the interest rates in the U. S. (i^) at time t 
and the level of per capita demand at time t (see Appendix B for data 
sources and transformations). The form of the postulated function is: 
«t = ''4 "t 
The resulting estimates in log linear form are as follows: 
M = -18.8406 - 0.4969 i^ - 1.7186 P„^ + 1.6725 P^ + 3.3164 D (31) 
t t nt t t 
(3.808) (4.623) (1.738) (3.836) 
**** **** **** 
= 0.83 D.W. = 2.451 
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The demand for imports is elastic with respect to both the domestic 
price and the price of the imported crude petroleum. 
The demand for imports of crude and the dynamic demand for crude 
petroleum (equation 2) were tested to see whether they are significantly 
different. The test of the null hypothesis that the m additional 
observations obey the same relation as the first (B^ =3^=6) is given 
by (68, 22): 
p.—hA— 
^2/(nrfn-2K) 
Which is distributed as F with (k, m+n-2K) degrees of freedom. The sum 
of the squared residuals are computed as the sum of the squared 
residuals of the import and demand equations. The term is given by 
Ql - where represents the sum of the squared residuals of the 
pooled regression. The term n represents the observation of the demand 
equation and m of the import equation (n = m = 14). The term k refers 
to the number of variables that are tested. In this case, the only 
common variable was the domestic price so k = 1. The computed F equals 
1.5014 and the tabulated F^ equals 4.75. Therefore, it appears that 
the price coefficients are not significantly different. 
The results cf the pooled regression are as follows: 
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D = +1.127 122Z . 11.542 + 0.412 + 0.774 , - 18.009 
t w t t-1 
(1.906) Pj. (1.704) (1.313) (1.594) (6.806) 
- 1.614 P ^  - 0.527 i + 3.667 
ut t t 
(6.222) (5.737) (6.336) 
R = 0.99 D.W. = 2.277 
It can be seen that the sign of the variable representing price is 
positive. A test for detection of the existence of milticollinearity 
was performed. 
In the least squares model the determinant of the correlation matrix 
(XX) takes the value zero, when there is complete interdependence, and 
the value unity when there is orthogomelity. Based on this property of 
(XX), a suitable statistic for testing the significant departure from 
orthogonolity, i.e., the existence of imilticollinearity is given by: 
= -T - d - I (2r. + 5) In XX, vhars r} is 
approximately distributed as a chi square distribution with r = %n (n-1) 
2 degrees of freedom (37). The computed was equal to 201.4 and the 
2 tabulated upper 5 percent points of X = 15.93 which confirms the 
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existence of multicoliinearity. 
In order to find out exactly which variables in the set X are 
severely affected by multicoliinearity, the following test was performed: 
W = Ci" - 1) ^  
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where n is the number of independent variables and is the i^^ disgonal 
element of the inverse of the correlation matrix (X^). W is a *F' 
distribution with n-1 and T-n degrees of freedom. The cauculated W was 
742.992 for the price variable and the upper 5 percent point of the 
tabulated = 4.21. This suggests very high multicollinearity in 
the price variable. The same test performed on the remaining variables 
gave similar results. 
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CHAPTER VI. PROJECTIONS OF THE DEMâND FOR AND SUPPLY OF 
PETROLEUM INTO THE FUTURE UNDER ALTERNATIVE ASSUMPTIONS 
In the previous chapter the demand, supply and import of crude 
petroleum were estimated. In this chapter these equations are tested with 
respect to their predictive ability and projections are made under alter­
native assumptions. The estimates obtained are compared with estimates 
of other studies. Special attention is placed on the resulting capital 
requirements, proved physical reserves of crude and import drain under 
policies of self-sufficiency as opposed to policies of free trade. 
Furthermore, by solving an equilibrium model of demand supply and import 
simultaneously the equilibrium prices of crude petroleum will be ob­
tained from 1973 through 2020. 
By utilizing the resulting estimated demand equations in the pre­
vious chapter the substitutions of crude with other sources of energy 
are derived. An attempt is made to gain more information about the future 
demand for crude petroleum by projecting the demands for refined produces 
under alternative assumptions. 
Demand Projections for Crude Petroleum 
Assumptions 
The demand for crude petroleum was projected for the years 1973, 
1980, 1985, 2000 and 2020 by using alternative models estimated in the 
previous chapter. 
Table 6.1 presents the assumed values for real per capita income, 
population and the wholesale price index. Real per capita income was 
assumed to be increasing at 2,7 percent per year, the same rate of 
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increase postulated by the National Petroleum Council 1 . Given the 
high rate of inflation, the rate of increase in real per capita income 
is also assumed to be increasing at a somewhat lower rate (2.0 percent 
per year). 
The wholesale price index is assumed to be increasing by 5 percent 
per year, slightly higher than the historical trend. Population was 
assumed to be increasing at 1.1 percent per year which means that it fell 
between the two highest categories of projections made by the Bureau of 
the Census. An additional assumption is made with respect to population 
growth, namely that population will level off when it reaches approxi­
mately 303 million. 
Table 6.1. Projection of the price of crude petroleum 
Year Rates of growth assumed for the real price of crude 
1.015 1.0 1.10 
1972* 3.39 3.39 3.39 
1973^ 3.89 3.89 3.89 
1973 3.61^ 3.56 3.63 
1980 5.64 5.00 5.86 
1985 7.75 6.39 8.26 
2000 20 16 13.28 23,13 
2020 72.04 35.25 91.21 
ihe prices represent actual values. 
^The prices are expressed in terms of absolute prices. 
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In Table 6.2 the assumed growth rates for prices of crude petroleum 
are presented. From 1959 to 1972 the real price of a barrel of crude 
petroleum at the wellhead has been decreasing. With expectations of a 
price of 11 dollars per barrel in the first quarter of 1975 real price 
cannot be assumed to be decreasing any longer. For the period 1973 to 
2020 three different assumptions were made with respect to the price of 
crude. First it was assumed that the real price of crude petroleum will 
remain constant through the projection period. Secondly, it was assumed 
that the real price of crude will be increasing by 1.5 percent per year, 
and thirdly, the real price of crude will be increasing by 10 percent 
per year through the projection period. 
When the static demand equation is used in the projections, an 
additional assumption with respect to the rate of growth of refining 
capacity of crude is needed. The refining capacity of crude petroleum 
in the absence of a priori information was assumed to be increasing at 
the average hisLorical annual rate cf grcvth of 95.4 million barrels 
per year. 
Resulting estimates for future demand of crude 
Table 6.3 presents the projected demand for crude petroleum under 
alternative assumptions. The projections were made by using both the 
dynamic demand for crude (equation 2) and equation 5 estimated in Chapter 
V. Results show that per capita demand is decreasing as real price in­
creases, in the case where real price is assumed to remain constant 
over time. 
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Table 6.2. Projections of income, population and wholesale price index 
Assumed Growth Rates (percent per year) 
Real per capita Wholesale 
Year income Population price index 
2.7 2.0 1.1 5.0 
1972" 3,905.00 3,905.00 208,842,000 119.1 
1973* __b — — 210,404,000 — — 
1973 4,010.44 3,983.10 211,974,700 125.0 
1980 4,832.64 4,575.33 235,259,500 175.9 
1985 5,521.25 5,051.54 253,441,700 224.5 
2000^ — — — - 302,935,000 
2000 8,233.70 6,798.72 316,860,900 466.8 
2020 14,028.31 10,102.58 426,765,100 1,238.7 
^he figures represent actual values. 
The data were not available. 
'^When assuming that population will level off at about 3.03 million 
people. 
By utilizing the dynamic demand for crude (equation 2) it can be 
seen that, when price increases by 1.5 percent per year, the level of 
demand increases up to 1985, due to population increases, and decreases 
thereafter, due to the increased prices. When the real price of crude 
is held constant, the level of demand increases through the year 2020 
and when the real price of crude is assumed to be increasing at 10.0 per­
cent per year, the level of demand increases slightly up to 1980 and 
decreases thereafter. 
\ly utilizing the static demand equation for crude (equation 5), ii-
can be seen in Table 6.3 that again when real price remains constant both 
per capita demand and the general level of demand increases. When real 
price increases at 10.0 percent per year the level of demand decreases 
and when the real price increases at 1.5 percent per year the level of 
demand increases slightly until 1980 and decreases thereafter. 
Table 6.3. Demand projections of crude petroleum 
Variable Assumad growth rates (percent per year) 
Real Price 1.5 10.0 19/2* 1.5 10.0 1972 1.5 
constant constant 
Per capita 
real income 2.7 2.7 ?.,1 2.0 2.0 2.0 2.0 
Year Level of Per Capita Denvind (Barrels) 
197?.^ 20.501 20.501 20.501 20.501 20.501 20.501 20.501 
1973^ 21.623 21.623 21.623 21.623 21.623 21.623 21.623 
1973 20.941 20.910 21.036 20.932 19.848 21.027 20.838 
1980 21.664 20.779 24.586 21.387 14.363 22.789 21.203 
1985 20.586 18.813 27.042 20.022 11.341 24.012 21.357 
2000 15.362 11.715 34.926 14.129 5.475 27.546 21.401 
2020 9.567 5.608 48.254 8.113 2.007 32.035 20.784 
Year Level of Demand (Million barrels) 
1972'' 4,290.54 4,290.54 4,290.54 4,290.54 4,290.54 4,290.54 4,290.54 
1973^ 4,549.73 4,549.73 4,549.73 4,549.73 4,549.73 4,549.73 4,549.73 
1973 4,439.15^ 4,432.39^ 4,459.09^ 4,437.05^ 4,207.27® 4,457.19^ 4,417.12 
1980 5,096.87 4,888.45 5,784.09 5,031.49 3,379.03 5,361.32 4,988.20 
1985 5,217.40 4,767.99 6,853.57 5,074.40 2,874.28 6,085.64 5,412.75 
2000 4,867.90 3,712.02 11:066.68 4,476.92 1,734.81 8,728.25 6,781,14 
0
 
0
 
0
 
4,653.68 3,548.88 10,580.30 4,280.17 1,658.56 8,344.64 6,483.11 
2020 4,082.89 2,393.29 20,593.11 3,462.34 856.51 13,671.41 8,869.88 
2020^ 2,898.18 1,698.86 14,617.83 2,457.71 607.99 9,704.52 6,296.20 
^he assumed rate of growth of price implies a constant real price since the wholesale is also 
assumed to be increasing by 5 percent pc.r year. The difference (,'>-4.99=0.01) is due to rounding 
error. 
'Values represent the actual magnitmde. 
The projected value is within 2.4 percent of the actual. 
*^Tie projected value is within 2.5 percent of the actual.. 
®The projected value is within 1.9 percent of the actual. 
^ITie projected value is within 2.4 percent of the actual. 
®l'he projected value is within 1.5 percent of the actual. 
^.Tie projected value is within 2.0 percent of the actual. 
Srhe projected value is within 2.9 percent of the actual. 
^Population is assumed to have stabilized at 303 million. 
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Both equations seem to be giving good results up to the year 1985. 
The assumption of constant income and price elasticities though seems to 
be a nonrealistic one for projections beyond the year 1985. 
Table 5.4 presents the average yearly percentage growth rates of 
demand computed from Table 6.3. It can be seen that the two alternative 
demand models give different results after the year 1980 when projected 
under the same assumptions. The projected values of demand are decreas­
ing faster with the use of the dynamic demand rather than with the static 
framework.when real price is assumed to be increasing. This is possibly 
due to the lagged demand variable on the left hand side which has a large 
negative coefficient. The average growth rate of demand, when real price 
is held constant, is 358 per year when equation 2 is used and real per 
capita income is increasing by 2.7 percent. 
Table 6.5 presents the pr )jected demand for crude oil, estimated by 
the National Petroleum Council. By not considering the price elasticity 
cf dezcnd and relying upon the per cepit? income; it can be seen that the 
projections indicate much larger increases in demand than those obtained 
with the present study. Demand, under this set of assumptions, increases 
at an average rate of 4.2 percent per year during the 1971-1985 period. 
The estimate given for 1970 is much higher than the actual one and their 
estimates for 1980 and 1985 at least 50 percent higher than the estimates 
obtained in this study. 
When real price of crude was assumed to be increasing, even with a 
population increasing at a rate of 1.011 per year through the projection 
period; the estimates of demand obtained in this study for the year 2020 
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Table 6.4, Average yearly growth rates of the demand for crude 
Growth 1973-1980 1980-1985 1985-2000 2000-2020 
rates 
Real price 
Per capita 
Real income 
1.015 
1.027 
2.11% 0.47% -0.47% -0.96% 
-3.39%* 
Real price 
Per capita 
Real income 
1.10 
1.027 
1.06% -0.50% -1.89% -2.75% 
-5.92%a 
Real price 
Per capita 
Real income 
1.0 
1.027 
4.24% 3.69% 4.09% 4.30% 
1.60%* 
Real price 1.015 
Per capita 
Real income 1.02 
1.91% 0.17% -0.88% -1.46% 
-4.10%a 
Real price'' 
Par capita 
Real income 
1.015 
1.02 
1.84% 1.70% 1.68% 1.54% 
-0.35% 
Real price^ 
Per capita 
Real income 
1.0 
1.02 
2.89% 2.70% 2.89% 2.83% 
.55%* 
Real price^ 
Per capita 
xxcâ X l-UCCmG 
1.10 
1.02 
-2.81% -2.98% -2.64% -2.53% 
-3.24%* 
^Growth rates refer to demands where population wss assumed to level 
off at 303 million. 
^Estimates obtained by using the static demand equation. 
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Table 6.5. U.S. petroleum supply-demand balance^ 
1965 1970 1975 1980 1985 
(Million Barrels) 
Domestic demand 4,197.5 5,365.5 6,752.5 8,285.5 9,636.0 
Processing gain. Exports, 
Stock change, etc. (net) -- -- (36.5) (73.0) (146.0) 
Required supply 4,197.5 5,365.5 6,716.0 8,212.5 9,430.0 
U.S. production of petroleum 
Liquids (excluding north 
slope) 3,285.0 4,124.5 3,832.5 3,577.0 3,321.5 
North slope crude and 
condensate — -- 219.0 730.0 730.0 
Syncrude from oil shale — -- -- — 36.5 
Imports 912.5 1,241.0 2,664.5 3,905.5 5,402.0 
Imports as percent of 
domestic demand 22 23 39 47 57 
^Source: Compiled from National Petroleum Council, 1971 "United 
States Energy Outlook: An Initial Appraisal, 1971-1985." National Petro­
leum Council Committee on U.S. Energy Outlook, Task Group Reports 
Summaries, An Interim Report, Vo. 2, Washington, D.C. 
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were still lower than those obtained by the National Petroleum Council 
for 1985. 
It appears that a policy aiming to reduce the demand for crude petro­
leum through higher prices will be successful since there is a response 
toward curtailing demand. This statement will have to be qualified with 
respect to the distributional effects of higher prices when compared with 
policies of rationing. 
With respect to the two different specifications of demand used in 
this study it appears the static specification gives better results re­
garding long-run projections. 
Physical Reserves and Capital Requirements Under Policies 
of Self-sufficiency and Under Policies of Free Trade 
Attention is now placed upon the physical reserves and the capital 
requirements necessary to sustain future levels of demand for crude petro-
laur.. In Chapter IV it was seen that in oil production a reserves pro­
duction ratio of about 8 is required. Furthermore, by taking into account 
the relative efficiency of recovering crude oil (which ranges from 35 to 
40 percent) the ratio takes a value between 24 and 20, This means that 
for every additional barrel of oil produced, an increase in reserves of 
22 barrels on the average is required." If technological breakthrough 
doubles the efficiency (ranging from 70 to 80 percent), the ratio of 
reserves to production becomes 10 barrels on the average. This 
^It should be noted here that the discussion does not refer to 
proved reserves. 
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assumption is made for expository purposes since no data are available 
on the possible impact of new technologies on the efficiency of recovery. 
Table 6.6 presents the required domestic supply to meet selected 
levels of projected demand (from Table 6.4). No imports were allowed 
here. The required levels of capital expenditures by the oil industry 
are derived by using the estimated supply equation. Required capital 
expenditures range from 78 million to 174 million dollars for the years 
up to 1985. Reserves necessary to sustain future levels of required 
supply, when there are no imports allowed in the system, are estimated in 
Table 6.6, and it can be seen that the required reserves vary from 104 to 
150 million barrels of oil. If the efficiency of recovery doubles through 
technological innovation, then the required physical reserves range from 
47 to 68 million barrels. 
Given the selected estimates of the projected demand for crude 
petroleum, it can be assumed that the level of supply will remain con­
stant at its 1373 valus. This izzplies increases both in the physical 
reserves and capital requirements to sustain the same level of economic 
supply. By determining the difference between demand and domestic 
supply, the magnitude of imports can be derived as a residual. The 
capital requirements and reserve requirements are by far lower than in 
the case of a self-sufficiency policy as it can be seen in Table 6,7. 
The necessary imports to close the gap between the demand and supply of 
crude petroleum produces a substantial import drain. The import drain is 
determined by using the prices estimated by solution No. 5 in Appendix C. 
To assess the importance of the impact of this import drain more informa­
tion is needed about the future state of the balance of payments and trade. 
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Table 6.6. Capital and reserves requirements 
Required Reserves 
Required capital required Reserves 
Year supply (1,000$) (mili.bbls.) (mill.bbls.) 
1985 6,853 174,235 150,778 68,535 
4,767 78,669 104,895 47,679 
2000 11,066 496,181 243,467 110,666 
3,712 45,496 81,664 37,120 
2020 20,543 1,919,714 453,048 205,931 
2,393 17,424 52,652 23,932 
Substitutions With Other Sources of Energy 
The estimated demand projections which were presented in the first 
section of this chapter, did not take into consideration the possible 
substitution effects with other sources of energy. The importance and 
meaning of substitution as a use linkage has been stressed in Chapter II. 
By utilizing the demand equations estimated in Chapter V, which 
contain the prices of alternative sources of energy the magnitude of 
the demand for crude petroleum can be determined allowing for substitu­
tions to take place. The assumed increases in prices are for expository 
purposes since no information is available. 
The price of natural gas has been slightly increasing over the 
sample period (1959-72), reaching 18.6 cents per million cubic feet in 
1973. Here it is assumed that it will double by 1985 reaching 37.2 cents 
per million cubic feet, or that it will be 40 or 50 cents per million 
cubic feet. The price of anthracite has been oscillating over the 
Table 6.7. Capital requirements, reserves requirements and import drain under policies of free 
trade 
Year Supply Demand Imports 
Capital 
requirement 
Reserves 
required Reserves® 
Import 
drain 
Import 
price 
1980 3,353b 5,784^ 
4,888 
2,43 
1,535 
38,750® 73,766^ 33,530^ 24.31^ 
15.35 
10.00 
1985 6,853 
4,767 
3,500 
1,414 
55.53 
22.43 
15.866® 
2000 11,066 
3,712 
7,713 
35!) 
151.25 
7.03 
19.61® 
2020 20,543 17,240 904.41 52.46® 
^•Ihen assuming that efficiency of cecovery is about 75 percent. 
Figures are in terms of million barrels, 
^Figures are in terms of thousands of dollars. 
^'igures are in terms of billions of dollars. 
^'rices are obtained from solution 5 in Appendix C. 
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sample period reaching 12 dollars per short ton in 1972. For 1985, three 
different prices are assumed. First, it was assumed that the price of 
anthracite will remain constant at the 1972 level; second, that it will 
increase to 25 dollars per short ton and third, that it will reach 35 
dollars per short ton by 1985. 
The price of bituminous and lignite has been decreasing over the 
sample period for the exception of the last two years, reaching 7,66 
dollars per short ton in 1972. The price of bituminous and lignite is 
assumed to remain constant at the 1972 level or to Increase to 15 or to 
25 dollars per short ton by 1985. The price of uranium which is fixed 
by the Atomic Energy Commission has been decreasing over the sample 
period reaching 6.50 dollars per pound in 1972. The price of uranium is 
assumed to remain constant at the 1972 level. The price of crude 
petroleum is assumed to increase by far more than the price of other 
sources of energy reaching 40 and 80 dollars per barrel in 1985. 
Table 6.8 presents the CGti=atsd deziand for the year 1985; Tne 
estimates obtained here by assuming per capita real income to be increas­
ing by 2 percent per year are all smaller than the actual demand in 1973 
of 21.6 barrels per person. In particular when the elasticity of the 
price of crude with respect to the price of natural gas was assumed to 
quadruple and the elasticity of the price of bituminous lignite with 
respect to the price of natural gas was assumed to double by 1985, then 
the magnitude of the per capita demand fell to 9.5 barrels. This assumed 
change of magnitude of the elasticities Ls an attempt to show how future 
changes in the capital stock and innovations concerning the use of energy 
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may facilitate the substitution of energy resources. This a priori 
assumption is made for expository purposes given the lack of pertinent 
information. 
Projections of the Demand, Supply, Imports and 
Equilibrium Prices of Crude Petroleum 
In order to project the equilibrium prices, the following model was 
constructed: 
D = Inq^ = Xln x + X 4- X j^in y^ + (i-X)lnq^_^ 
S = Inq^ = In Ini^ + InR^ + c^lnK^ 
t I 
M = Inq^ = Ina^ + Bg ^2 '^l^^^t 
S + M = D 
where D is demand, S is domestic supply, M is imports, is the price of 
a barrel of crude petroleum domestically, y^ is per capita real income, 
i is the interest rate, is proved reserves of crude petroleum, is 
the capital expenditures of the oil industry, P^ is the import price. 
This is a simultaneous system, nonlinear, with a demand equation 
which is recursive. In order to solve for the equilibrium price P^ a 
coiuputer algorithm is developed to perform the successive iterations. 
The deiaand equation used is the estimated equation 2. the supply equation 
used was equation 27 and the import equation used was the estimated 
equation 31. 
Table 6 .8. Projections of the demand for crude petroleum when allowing for substitutions 
Price of 
crude 
Price of 
natural 
gas 
Price of 
Anthracite 
Price of 
bituminous 
and lignite 
Price of 
Uranium 
Per capita demand for crude petroleum 
Year Relative prices Absolute prices 
1985 40.00* 40.00^ 25.00^ 15.00^ 6.50 20.870^ 9.842 
1985 40.00 37.2 12.00 7.66 
e 18.248 
1985 80.00 37.2 12.00 7.66 — 17.604 - -
1985^ 80.00 37.2 12.00 7.66 9.582 
1985 80.00 50.0 35.00 25.00 6.50 - - 10.916 
^The price is expressed iu dollars per barrel. 
^The price is expressed in cents per million cubic feet. 
^Tlie price is expressed in dollars per short ton. 
^The figures represent barrels per person. 
^Tlie price is expressed in dollars per pound. 
^Aîjsuining the elasticity of the price of crude with respect to the price of natural gas 
quadruples and the elasticity of the price of bituminous and lignite with respect to the price of 
natural gas doubles. 
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Appendix C presents the iterative process and the solutions 
obtained under alternative assumptions. The interest rate is assumed 
to remain constant through the projection period 1973-2020 and per 
capita real income to be increasing at 2 percent per year. The whole­
sale price index is assumed to continue increasing at 5 percent per 
year which is higher by about one percentage point than the average in­
crease over the sample period. Population is assumed to 
increase by 1.1 percent per year except in some cases where it is 
restrained to 303 million people. Capital expenditures are assumed to 
be increasing at the historical average rate of 5 percent per year or 
to remain constant at the 1972 level. Proved reserves are assumed to 
remain constant at the 1972 level due to increased efficiency of 
recovery, or even increase by 3 percent per year, or to decrease by 3 
percent per year. The import price is assumed to be increasing at 
different rates given the difficulty of predicting future price policies 
of the oil producing countries. The import price, in different runs, 
is assumed to increase by 5, 7, 10 and 20 percent per year, as veil as 
being tied to the domestic equilibrium price ? = and = 1.4P. 
The same set of assumptions is also used when replacing the dynamic 
demand equation fay the static one, equation 3. 
In solution 1 where capital expenditures are held constant, proved 
reserves are held constant and import price is assumed to be increas­
ing by 10 percent per year, demand levels off with domestic supply when 
the import price reaches 30 dollars and the domestic equilibrium price 
about 20 dollars, right before the year 2000. 
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When the import price increases by 7 percent per year and 
capital expenditures by 5 then the domestic supply expands, doubling 
by the year 2000 and tripling by the year 2020, and demand increases 
substantially given the increased supply. Imports remain steady 
through the year 2000 and the equilibrium prices appear lower than in 
the previous solution. When the static demand equation is used, the 
demand estimates are higher with higher equilibrium prices. 
When population is assumed to level off at 303 million, capital 
expenditures to be increasing by 5 percent per year, proved reserves 
decreasing by 3 percent per year, then imports become negligible. 
Supply increases and therefore demand increases in solution 4 
with domestic prices remaining fairly steady and imports at low levels, 
when = P. Solution 5, where P^ = 1.4P, yields similar results to 
solution 4. 
In solution 6 where capital expenditures remain constant, proved 
reserves decreasing by 3 percent per year and import price increasing 
by 5 percent per year, the supply decreases and in order to maintain 
the equality S + M = D, demand decreases since imports do not increase 
substantially. 
By changing the rate of increase of the import prices to 7 
percent per year, solution 7 is similar to solution 6 but with higher 
equilibrium prices. The static demand equation here yields even 
higher equilibrium prices. 
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Finally, solution 8, where the import price is assumed to increase 
by 20 percent per year, gives similar results to solution 7 with almost 
no imports. The static demand yields again higher equilibrium prices 
but same demand values. 
The supply equation, if cost data could be incorporated in it, 
would be more helpful in the analysis in that without cost variables 
increased capital expenditures can induce ever increasing supply. 
Projections of the Demands for Refined Products 
Attention is now placed on the projections of the demands for the 
refined products. Table 6,9 presents the issiimeH rates of growth of 
the price of residual fuel expressed in cents per gallon. The price of 
residual fuel (both real and absolute prices) has been decreasing over 
the sample period (1959-1972) with the exception of the last three years 
when a slight increase occurred. The real price of residual fuel is 
assumed first to remain constant at the 1972 level and secondly to be 
increasing at 0.5 percent per year. 
Table 6.10 represents the results obtained by projecting the demand 
of residual fuel under alternative assumed with the use of the estimated 
equation 13. It can be seen that when real per capita income is assumed 
to be increasing at 2 percent per year both the per capita and the level 
of demand decrease over the projection period (1973-2020). When real per 
capita income increases at 2.7 percent per year and the real price is 
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Table 6. 9. Projection of the price of residual fuel 
Year 
1.005 annual growth rate of the real price 
Real price absolute price 
1972* 0.032913^ 3.92^ 
1973 0.033077 4.13 
1980 0.034259 6.02 
1985 0.035117 7.88 
2000 0.037845 17.66 
2020 0.041815 51.79 
Represent actual values. 
^The figures represent cents per gallon. 
assumed to remain constant, then the per capita demand decreases but the 
level of demand increases after the year 2000. This is due to the fact 
that increase in real per capita income offsets the effect of a con­
stant real price. 
The real price of gasoline has been decreasing over the sample 
period. The three assumptions made with respect to future changes in 
the real price cf gasoline were that either it ^ill remain constant; at 
the 1972 level, or that it will increase by 1 percent per year or that it 
will be increasing at 1.5 percent per year. Table 6.11 presents the 
assumed growth rates expressed both in real and absolute terms. Table 
5.12 presents the resulting projections under alternative assumptions by 
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Table 6.10. Projection of the demand for residuals fuel 
Assumed annual growth rates 
Real price 1972 constant 1972 constant 1,005 
Per capita 
real income 1.027 1.02 1.02 
Year Per Capita Demand 
1972^ 4.4322^ 4.4322 4.4322 
1973^ 4.7542 4.7542 4.7542 
1973 4.0251 4.0175 4.0172 
1980 2.4359 2.2713 2.2642 
1985 2.0699 1.7270 1.7132 
2000 3.8606 1.6186 1.5575 
2020 2.0318 1.2529 1.1076 
Level of Demand 
1972* 925.64= 925.64 925.64 
1973* 1,000.29 1,000.29 1,000.29 
1973 853.21 851.60 851.15 
1980 573.06 534.34 532.67 
1985 526.59 437.69 434.19 
2000 1,223.27 512.87 493.51 
2020 867.10 528.76 472.65 
2000^ 1,169.51 490.33 471.82 
2020^ 615.50 379.54 335.53 
Represent actual values. 
"The figures represent 42 gallon barrels per person. 
^The figures represent million 42 gallon barrels. 
^Represent estimates when assuming that population will level off at 
303 million people. 
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using both the estimated static (equation 10) and dynamic demands 
(equation 8).^ 
Table 6.11. Projection of the price of gasoline 
1,01 annual growth rate of 1.015 annual growth rate of 
real price real price 
Year real price absolute price real price absolute price 
1972^ 0.25587^ 36.13 0.25587 36.13 
1973 0.25842 38.29 0.25970 38.48 
1980 0.27707 57.76 0.28823 60.09 
1985 0.29120 74.85 0.31051 79.81 
2000 0.33808 $1,80 0.38821 $2,07 
2020 0.41252 $5,85 0.52287 $7,41 
^Represent actual values. 
^The figures represent cents per gallon. 
With the assumed price increases which are slightly larger than the 
actual ones, the projection made by the static demand equation seem to be 
yielding better results, since the 1972 estimated valves ere only 
slightly lower than the actual ones. 
Table 6.13 presents the projections of the demand for wax. It can be 
seen that the per capita demand for wax increases much faster when equa­
tion 15, which has no price, is used. When equation 16 is used, which 
contains the price of libricants as a proxy for price, the per capita 
'An additional assumption with respect to refining capacity was 
needed for the projections with the static demand equation. Capacity was 
assumed to behave roughly according to past changes. In 1973 the actual 
refining capacity was 2.4 million barrels and it was assumed to increase 
by 50 percent by 1980 and another 33 by L985. From 1985 to 2000 it was 
assumed to increase by 100 percent and by 133 percent from 2000 to 2020. 
Table 6.12, Projection of the demand for gasoline 
Static demand equation Dynamic demand equation 
Assumed annual growth jrates 
Real price 1.01 1.015 1971? constant 1.01 1972 constant 1.01 1.015 
Per capita 
real income 1.02 1.02 1.02 1.027 1.027 1.02 1.02 
Year Per Capita Demand 
1972* 11.2544^ 11.2544 11.2544 11.2544 11.2544 11.2544 11.2544 
1973* 11.4253 11.4253 11.4253 11.4253 11.4253 11.4253 11.4253 
1973 11.2794 11.2494 11.3402 11.7601 11.7720 11.7472 11.7413 
1980 12.3270 12.0667 12.8686 15.4798 15.9311 15.0064 14.7939 
1985 13.5759 13.1131 14.5584 18.4276 19.6127 17.2271 16.7024 
2000 15.6182 14.4941 18.1549 29.7943 36.0200 24.2692 22.0879 
2020 18.6733 16.4289 24.1697 55.0438 80.2074 36.6420 30.3970 
Year Level of Demand 
1972* 2,350.40^ 2,350.40 2,350.40 2,350.40 2,350.40 2,350.40 2,350.40 
1973* 2,403.8!) 2,403.89 2,403.89 2,403.89 2,403.89 2,403.89 2,403.89 
1973 2,390.94 2,384.58 2,403.83 2,492.84 2,495.36 2,490.10 2,488.85 
1980 2,900.04 2,838.80 3,027.46 3,641.77 3,747.94 3,530.39 3,480.40 
1985 3,440.69 3,323.40 3,689.70 4,670.32 4,970.67 4,366.06 4,233.08 
2000 4,948.79 4,592.61 5,752.57 9,440.64 14,133.33 7,689.96 6,998.79 
2020 4,731.23 4,390.77 5,499.75 23,490.76 42,297.43 15,637.53 12,972.37 
2000^ 7,969.11 7,011.28 10,314.78 9,025.73 10,911.71 7,351.99 6,691.19 
2020^ 5,656.79 4,976.88 7,321.84 16,674.69 24,297.62 11,100.14 9,208.31 
Represent actual values. 
The figures represent 42 gallon barrels per person. 
'^The figures represent million 42 jjallon barrels. 
^Represent estimates when assuming that population will level off at 303 million people. 
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demand is increasing at a lower rate, approximately quintupling by the 
year 2020. 
Table 6.14 presents the assumed real prices for liquified fuel both 
in real and absolute terms. Since the real price of liquified fuel has 
been decreasing over the sample period, three different assumptions are 
made with respect to its behavior for the projection period. One is that 
real price will remain constant, the second that it will be slightly in­
creasing and third that it will be slightly decreasing. From Table 6.15 
it can be seen that in all three cases the demand for liquified fuel has 
been increasing up to tripling by the year 2000. 
In projecting the demand for petrochemical feedstock the assumptions 
made with respect to the price of coal-chemicals are reported in Table 
6.16. The demand for petrochemical feedstock increases substantially 
when the price of coal chemical is assumed to be increasing at 1.5 per­
cent per year approximately. The substitution effect, when the price of 
coal chemicals decreases does not seem to be very large as expected, 
since the crosselasticity was found to be fairly low (Table 6.17). 
The demand for kerosene is projected by using equation 26. From 
Table 6.18 it can be seen that both per capita demand and the level of 
demand decrease over time, which is probably due to the availability of 
substitutes, such as aviation gasoline and coal. 
Table 6.19 presents the assumed growth rates of the price of light 
fuel both when deflated by the wholesale and consumer price indexes. 
The price of light fuel deflated by the wholesale price index is used as 
a proxy in the estimation of the demand for coke (equation 11). The 
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Table 6.13. Projection of the demand for wax 
Projections with equation 15 Projections with equation 16 
Assumed annual growth rates 
Real price - - 1972 constant 1.05 
Per capita 
real income 1.02 1.027 1.02 1.02 
Year Per Capita Demand 
1972" 0.025899^ 0.025899 0.025899 0.025899 
1973 0.027032 0.027107 0.027092 0.027033 
1980 0,038074 0.040963 0.036262 0.034416 
1985 0.049837 0.058057 0.044157 0.039772 
2000 0.115762 0.178516 0.078868 0.059743 
2020 0.361623 0.825500 0.170382 0.101991 
Year Level of Demand 
1972^ 5,409.00* 5,409.00 5,409.00 5,409.00 
1973 5,730.10 5,745.99 5,742.81 5,730.31 
1980 8,957.27 9,636.93 8,530.97 8,096.69 
1985 12,630.77 14,714.06 11,191.22 10,079.88 
2000 36,679.81 56,564.74 24,990.18 18,930.22 
2020 154,326.79 52,294.59 23,891.87 18,098.24 
2000® 35;068.36 54,078.74 72,713.09 43,526.19 
2020® 109,548.26 250,072.84 ,614.67 30,896.64 
price was included in the equation. 
Represent actual values. 
jThe figures represent 42 gallon barrels per person. 
TThe figures represent thousand 42 gallon barrels. 
Represent estimates when assuming that population will level off at 
303 million people. 
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Table 6.14. Projection of the price of liquified fuel 
a b 
Year Real price Absolute price Real price Absolute price 
1972= 0.07304^ 8.70 0.07304 8.70 
1973 0.07656 9.57 0.07656 9.57 
1980 0.06822 12.00 0.08421 14.81 
1985 0.06681 15.00 0.09263 20.79 
2000 0.04284 20.0 0.10189 47.56 
2020 0.02018 25.00 0.11207 138.82 
^he real price of liquified fuel was assumed to decrease by 4.8 
percent from 1972 to 1973; by 12 percent from 1973 to 1980; by 2 percent 
from 1980 to 1985; by 1.5 percent from 1985 to 2000; by 2 percent from 
2000 to 2020. 
^The real price of liquified fuel was assumed to be increasing by 
4.8 percent from 1972 to 1973; by 10 percent from 1973 to 1980; by 10 
percent from 1980 to 1985; by 10 percent from 1985 to 2000; by 10 percent 
from 2000 to 2020. 
^Represent actual values. 
"The figures represent cents per gallon. 
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Table 6.15. Projection of the demand for liquified fuel 
Assumed annual growth rates 
Real price decreasing 1972 constant increasing 
Per capita 
real income 1.02 1.02 1.02 
Year Per capita demand 
1972* 0.62429^ 0.62429 0.62429 
1973 0.78350 0.78598 0.78598 
1980 0.97653 0 . 93 3 7 7 0.92491 
1985 1.06235 1.05602 1.03935 
2000 1.58325 1.52765 1.49396 
2020 2.72447 2.49949 2.42881 
Year Level of demand 
1972* 130,379^ 130,379 130,379 
1973 166,081 166,607 166,607 
1980 229,737 219,677 217,593 
1985 269,243 267,638 263,413 
2000 501,668 484,051 473,376 
2020 1,162,708 1,066,694 1,036,531 
2000* 479,621 462,778 452,572 
2020^ 825,337 757,183 735,771 
^Represent actual values. 
"The figures represent 42 gallon barrels per person. 
^The figures represent thousand 42 gallon barrels. 
^Represent estimates when assuming that population will level off 
at 303 million people. 
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Table 5.16. Projection of the price of coal-chemicals 
3 b 
Year Real price Absolute price Decreasing Absolute price 
1972^ 0.0027539^ 3.280 0.0027539 3.280 
1973 0.0030292 3.786 0.0024786 3.098 
1980 0.0036350 6.393 0.0022308 3.923 
1985 0,0041197 9.248 0,0020078 4.507 
2000 0.0049435 23.076 0.0016064 7.498 
2020 0.0055321 68.526 0.0012852 15.919 
^The real price of coal chemical was assumed to increase by 10 per­
cent from 1972 to 1973; by 20 percent from 1973 to 1980; by 15 percent 
from 1980 to 1985; by 20 percent from 1985 to 2000; by 20 percent from 
2000 to 2020. 
^The real price of coal chemicals was assumed to decrease by 10 per­
cent from 1972 to 1973 ; by 10 percent from 1973 to 1980 ; by 10 percent 
from 1980 to 1985; by 20 percent from 1985 to 2000; by 20 percent from 
2000 to 2020. 
"Espressnt sctual -^^glues. 
^The figures represent cents per 42 gallon barrels. 
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Table 6.17. Projection of the demand for petrochemical feedstock 
Assumed annual growth rates 
Real price 
Per capita real income 
decreasing 
1.02 
increasing 
1.02 
Year Per capita demand 
1972* 0.70571^ 0.70571 
1973 0.66201 0.61385 
1980 0.80255 0.85264 
1985 0.91769 1.00325 
2000 2.43396 2.9160 
Year Level of demand 
1972* 156,780^ 156,780 
1973 140,328 130,120 
1980 188,807 200,591 
1955 ooo con 254.26" 
2000 439,877 505,667 
2020 1,038.430 1,244,446 
2000^ 420,546 483,444 
2020^ 737,119 883,358 
Represent actual values. 
^The figures represent 42 gallon barrels per person. 
^The figures represent thousand 42 gallon barrels. 
Represent estimates when assuming that population will level off 
at 303 million people. 
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demand for coke is estimated by both equation 11 and equation 12. It 
can be seen from Table 6.20 that the dynamic demand equation, equation 11, 
where price is not included as one of the variables, it yields very low 
estimates of projected demand. The static demand equation, equation 12, 
which includes the price of light fuel deflated by the wholesale price 
index as a proxy, seems to be giving more realistic results. The per 
capita demand for coke increases by about 80 percent by year 2020. 
Table 6.18. Projection of the demand for kerosene 
Assumed annual growth rats 
Per capita real income 1.02 
Year Per capita demand Level of demand 
1972* 0.83483^ 174,347^ 
1973 0.93441 198,070 
1980 0.84572 198,963 
1985 0.77057 155,994 
2000 0.58313 184,770 
2020 0.40999 171,653 
2000^ 176,650 
2020^ 121,846 
Represent actual values. 
^The figures represent 42 gallon barrels per person. 
^The figures represent thousand 42 gallon barrels. 
^Represent estimates when assuming that population will level off at 
303 million people. 
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Table 6.19. Projection of the price of light fuel 
Year n 1 . a Real price Real price^ 
1972= 0.089084^ 0.075141 
1973= 0.096480 — -
1973 0.093538 0.078898 
1980 0.131617 0.0110457 
1985 0.167981 0.0143594 
2000 0.349220 0.0872828 
2020 0.926588 0.0545656 
^The real price of light fuel deflated by the wholesale price index 
was assumed to be increasing by 1.05 per year. 
The real price of light fuel deflated by the consumer price index 
was assumed to be increasing by 5 percent from 1972 to 1973; by 40 per­
cent from 1973 to 1980; by 30 percent from 1980 to 1985; by 90 percent 
from 1985 to 2000; by 100 percent from 2000 to 2020. 
^Represent actual values. 
figures represent cents per gallon. 
Table 6.21 presents the resulting projections of the demand for 
distillate fuel. By using equation 25 which includes the price of light 
fuel deflated by the consumer price index as a proxy, it can be seen that 
per capita demand does not increase substantially when the price is 
assumed to remain constant at the 1972 level. When the price is assumed 
to be increasing it can be seen that both per capita demand and the level 
of demand decrease rapidly. This is probably due to the existence of 
close substitutes, such as coal and kerosene. By using equation 24, 
which has no price included, the per capita demand for distillate fuel 
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Table 6.20. Projection of the demand for coke 
Assumed annual growth rates 
Real price 1.05 1972 constant — - - -
Per capita 
real income 1.02 1.09 1.02 1.027 
Year Per capita demand 
1972^ 0.42260^ 0.42260 0.42260 0.42260 
1973 0.41416 0.41452 0.31036 0.31049 
1980 0.44710 0.45020 0.08347 0.08449 
1985 0.47221 0.47755 0.05866 0.06023 
2000 0.55638 0.57000 0.06779 0.7356 
2020 0.69240 0.72172 0.18682 0.22006 
1972* 88.25^ 88.25 88.25 88.25 
1973 87.79 87.86 65.78 65.81 
1380 t n c 1 O J-W-Z • X.W 105.91 19.63 19 = 8? 
1985 119.6? 121.03 14.86 15.26 
2000 176.29 180.61 21.48 23.30 
2020 168,54 172.67 79.72 93.91 
2000^ 295.49 308.00 20.53 22.28 
2020° 209.75 218.63 56.59 66.66 
^Represent actual values. 
^The figures represent 42 gallon barrels. 
^The figures represent million 42 gallon barrels. 
^Represent estimates when assuming that population will level off at 
303 million people. 
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Table 6.21. Projection of the demand for distillate fuel 
By using equation 25 By using equation 24 
Assumed annual growth rates 
Real price increasing 1972 constant - -
Per capita 
real income 1.02 1.02 1.02 
Year Per capita demand 
1972* 5.1045^ 5.1045 5.1045 
1973* 4.8852 4.8852 4.8852 
1973 4.6836 4.8670 4.7242 
1980 3.7664 5.1012 5.1910 
1985 3.1680 5.2753 5.5525 
2000 2.1136 5.8344 6.7953 
2020 1.4007 6.6731 8.8958 
Year Level of demand 
1972* 1,066.04^ 1,066.04 1,066.04 
1973* 1,027.85 1,027.85 1,027.85 
1973 992.60 1 ,G3I,6o 1 nm A n 
1980 886.08 1,200.10 1,221.22 
1985 802.90 1,336.98 1,407.23 
2000 669.71 1,848.69 2,153.15 
2020 640.28 1,767.44 3,796.41 
2000^ 597.76 2,847.84 2,058.53 
2020^ 424.32 o r\o 1 CI 6. y J. e ^ X 2,694.84 
^Represent actual values. 
^The figures represent.42 gallon barrels per person. 
^The figures represent million 42 gallon barrels. 
^Kepresent astiaates when assuming that population will level off at 
303 million people. 
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increases slightly faster than with equation 25, when the price is 
assumed to remain constant. 
The demand for still gas was estimated with three different equations. 
When equation 17, which is a dynamic equation and has no price variable, 
was used it can be seen from Table 6.22, that the per capita demand for 
still gas doubles by the year 2020. By using equation 18, which is a 
dynamic equation and the price of light fuel deflated by the consumer price 
index is used as a proxy, it can be seen from Table 6.22 that the values 
obtained are similar to the ones obtained with equation 17. When the 
static demand equation is used with light fuel deflated by the wholesale 
price index or a proxy for price, it can be seen that per capita is 
much lower. 
The real price of lubricants has been remaining fairly constant over 
the sample period. The projected real price was assumed to be either 
increasing at 0.5 percent per year or remaining constant at the 1972 level 
through the projection period (Table 6.23). In Table 6.24 jreseuting the 
projections obtained by using equation 14, it can be seen that the per 
capita demand of lubricants is decreasing through the year 2020. The 
level of demand increases due to population growth reaching, by 2020, a 
value of about 20 percent higher than the 1972 level. 
The demand for road oil and asphalt was projected by using both 
equation 21 and equation 22 (Table 6.25). With equation 21 which does 
not comprise price it can be seen that both per capita demand and the 
level of demand increase to almost double by the year 2020. By utilizing 
equation 22 which uses as a proxy for price the price of lubricants, it 
can be seen that when price is assumed to be constant the projected demand 
Table 6.22. Projection of the demand for still gas 
Equation 20 Equation I 18 Equation 20 Equation 17 
Static demand Dynamic demand Static demand Dynamic demand 
Assumed annual growth rates 
Real price 1972 constant 1972 constant 1.05 1.05 - -
)?er capita 
real income 1.02 1.02 1.02 1.02 1.02 1.027 
Year Per capita demand 
1972* 0.81852^ 0.81852 0.81852 0.81852 0.81852 0.81852 
1973 0.79224 0.83494 0.83051 0.70476 0.82417 0.82529 
1980 0.80488 0.93730 0.83789 0.59657 0.89736 0.92301 
1985 0.81403 1.00976 0.81643 0.52962 0.96551 1.01825 
2000 0.84212 1.25725 0.74294 0.37057 1.20984 1.37920 
2020 0.88108 1.68305 0.65357 0.23019 1.63574 2.06944 
Year Level of demand 
1972* 170.94^ 170.94 170.94 170.94 170.94 170.94 
1973 167.93 176.98 176.04 149.39 174.70 174.94 
1980 189.35 220.50 197.12 140.34 211.11 217.14 
1985 206,30 255.31 206.91 134.22 244.70 258.06 
2000 266.83 398.37 235.40 117.41 383.34 437.01 
2020 255.10 380.86 225.06 112.25 698.07 883.16 
2000^ 376.01 718.26 278.92 98.23 366.50 417.80 
2020^ 266.90 509.85 197.98 69.73 495.52 626.90 
^Represent actual values. 
^The figures represent 42 gallon barrels per person. 
^The figures represent million 42 (gallon barrels. 
^Represent estimates when assumini; that population will level off at 303 million people. 
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Table 6.23 Projection of the price of lubricants 
1.005 annual growth rate 
in real price 
1.05 annual growth rate 
in real price 
Year real price absolute price real price 
1972* 0.19866^ 23.66 0.19866 
1973 0.19965 24.95 0.20859 
1980 0.20674 36.36 0.29351 
1985 0.21196 47.58 0.37460 
2000 0.22843 $1,06 0.77877 
2020 0.25239 $3,12 2.06631 
^Represent actual values, 
^The figures represent cents per gallon. 
Table 6.24. Projection of the demand for lubricants 
Assumed annual growth rates 
Real price 1972 1972 
constant constant 1.005 
Per capita 
real income 1 027 1.02 1.02 
Year Per capita demand Level of demand 
1972° 0.25283^ 0.25283 0.25283 52,801^ 52,801 52,801 
1973 0.24459 0.24248 0.24211 51,846 51,399 51,321 
1980 0.23938 0.22760 0.22563 56,316 53,545 53,081 
1985 0.23427 0.21607 0.21308 59,373 54,761 54,003 
2000 0,21959 0.18488 0.17947 69,579 58,581 56,36? 
2020 0.20143 0.15019 0.14276 85,963 64,095 60,924 
2000^ 66,521 56,006 54,367 
2020^ 61,020 45,497 43,247 
, Represent actual values. 
^The figures represent 42 gallon barrels per person. 
^The figures represent thousand 42 gallon barrels. 
„ ^ Represent estimates when assuming that population will level off at 
million people. 
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Table 6.25. Projection of the demand for road oil and asphalt 
Assumed annual growth rates 
Real price 5.0 1972 constant a - -
Per capita 
real income 2.0 2.0 1.02 1.027 
Year Per capita demand 
1972^ 0.8203^ 0.8203 0.8203 0.8203 
1973 0.8329 0.8405 0.7610 0.7631 
1980 0.8580 0.9226 0.7978 0.8195 
1985 0.8764 0.9861 0.8389 0.8767 
2000 0.9340 1.2042 0.9752 1.0736 
2020 1.0168 1.5719 1.1921 1.4067 
Year Level of demand 
1972^ 171.31^ 171.31 171.31 171.31 
1973 176.55 178.16 161.31 161.75 
1980 201.85 217.05 187.69 192.79 
1985 222.11 249.91 212.61 222.19 
2000 295.94 381.56 309.00 340.18 
2020 285.94 364.79 508.74 600.33 
2000® 433.93 670.83 295.42 325.23 
2020® 308.02 476.18 361.12 426.13 
"Price was not included in the equation. 
^Represent actual values. 
^The figures represent 42 gallon barrels per person. 
^The figures represent nillicn 42 gallon barrels^ 
^Represent estimates when assigning that population will level off at 
303 million people. 
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is higher than values obtained with equation 21. When the price is 
assumed to be increasing at 5 percent per year then the estimated per 
capita demand and the level of demand although still increasing, are 
lower. 
Using the relationship presented in Chapter V between demand for 
refined products and demand for crude, the following equation was tested 
with the data obtained: 
11 
° nSl 
where is the demand for crude at time t, -y is the proportion of 
natural gas liquids added and represents the eleven demands for 
refined products that have been estimated. In 1972 the summation of the 
demands for refined products was 5,195.86 million barrels. By estimating 
from the sample period to be 1.211 and dividing the summation of the 
demands for refined products by it, the demand for crude was found to be 
4,290.54 million barrels. For 1973 the same calculations^ were performed 
with selected estimates of the demands for refined products and the 
demand for crude oil was found to be 4,459.73 million barrels. This 
result is very close to the results obtained by the projection of the 
demand for crude. Yet, there is no mechanism for providing a relation 
between the two, in the estimation of the demands for refined products. 
The results obtained can only give an estimate of the product mix 
The selected demands for refined products are as follows: gasoline, 
2,488.85 million barrels, coke, 65.78, residual fuel, 851.60, lubricants, 
51.39, was 5.73, still gas, 174.70, road oil and asphalt, 161,31, dis­
tillate fuel, 1,001.40, petrochemical feedstock, 140.32, liquified fuel, 
166.60, kerosene, 198.07 million barrels. 
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necessary to satisfy future demands of refined products. Knowledge of 
this miY of products is of importance both with respect to the concept 
of entropy and the decision tree which were discussed earlier. 
It appears that a better estimation of the demands for refined 
products would be to estimate them simultaneously by construeing the 
total amount by the demand for crude petroleum. 
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CHAPTER VII. CONCLUSIONS AND RECOMMENDATIONS 
The use available of energy resources can be expanded or contracted 
depending upon the economic, institutional and technical setting within 
which the use of these energy resources takes place, but in the ultimate 
sense, it is limited only by the total physical availability of energy. 
New techniques for discovery, more efficient utilization of present 
sources of energy, substitution of scarce or more abundant sources, 
use of renewable sources and foreign trade policies can increase the 
economic supply of energy. The first and second law of termodynamics 
and the decision tree implications of energy resources point to the need 
of technological and institutional innovations to make the substitution 
of energy sources possible and also reduce the impact of external dis­
economies in the process of utilization. 
An analytical framework for appraosing the interactions of the 
demand and the supply of energy resources as well as the intra-actions 
among demands for energy and the intra-actions among supplies was 
developed. First, the interrelationships between the physical (or 
technological) economic and institutional data were recognized for 
their importance in planning for future energy resource availability to 
meet future demands. Then, the use linkages of the demand and supply 
were identified as follows: utilities, scarcities, disutilities and 
their measurement, substitutions, externalities and the optimizing 
elements where one or more energy resources can satisfy one or more 
demands. 
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After identifying the major demands for energy resources, it was 
established that almost all demands and subdemands can be satisfied by 
all sources of energy and vice versa. In analyzing the qualitative 
demand for energy, it appears that its nature is one of derived demand 
and that its determinants can be divided, although interrelated, into 
economic, technological and institutional determinants. Price, income 
and prices of alternative sources of energy seem to be the major 
economic determinants affecting the demand for a particular energy 
resource. The relative efficiency of utilization of energy resources, 
seems to be the most important technological determinant and environnsntal 
legislation the most important institutional determinant. 
In analyzing the quantitative demand, it appears that population 
becomes the major determinant. Past and present theories of population 
affect the expectations with respect to future demands for energy. 
Classical economists such as Adam Smith, David Ricardo and Thomas Malthus 
•"ere cited, as well as the theories cf riec-malthusians and of their 
opponents. In particular, attention was placed upon the review of a 
number of studies dealing with the present and projected demands for 
energy and the relative efficiency of utilization of energy. It appears 
that fixity of resources and an expanding population is not sufficient to 
produce diminishing returns. Three sets of specifications are needed 
concerning the (1) time horizon and trend of population., (2) availability 
of resources and (3) technology and institutions. 
With respect to the supply of energy resources, the concept of 
economic supply was differentiated from that of physical supply which 
refers to the known existence cf specific energy resources. Furthermore, 
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the sources of energy were differentiated in terms of primary and secondary 
sources. Attention was primarily focused upon the primary sources of 
energy since the secondary ones are derived by utilizing primary sources 
of energy. 
The major characteristics of the sources of energy were identified 
as being their amount; quality, temporality, transportability, storability, 
exhaustibility, renewability, reversibility, recycling and spatiality. 
From the specific energy resources studied, coal exists in abundant 
supply and is available for use provided sulfur can be removed and 
reclaimation of land can be accomplished in an economic way. Uranium, 
thorium and deuterium have the potential of satisfying a large portion 
of the demand for energy if research efforts are dedicated to the 
development of safe breeder reactors and to nuclear fusion. Shale oil 
can also become a viable alternative to petroleum and natural gas with 
higher prices of energy forthcoming. Geothermol heat, solar radiation 
and T-Tind . seer" to be worchy or special aLteution because cf their 
characteristic of being flow resources. 
The analytical framework developed in this study was applied to the 
U. S. petroleum market. The per capita demand for crude petroleum is 
estimated with different models and then projected to the year 2020 under 
alternative assumptions with respect to population, price, wholesale price 
index, income, refining capacity and the prices of anthracite, natural 
gas, bituminous and lignite and uranium. The long run price elasticity 
of demand is found to be 0.60 and the long run income elasticity 0.05. 
The cross elasticity of demand with respect to the price of uranium is 
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estimated to be 0.03, with respect to the price of anthracite 0.07 and 
with respect to the price of bituminous and lignite 0.0004. The cross 
elasticity of the demand for crude with respect to the price of natural 
gas is found to be 0.08 and the negative coefficient suggests a 
complementarity with crude petroleum. 
In projecting the demand for crude petroleum with constant real 
price, the quantity demanded is expected to increase from 4.5 billion 
barrels in 1973 to 5.3 in 1980, 6.0 in 1985, 8.3 in 2000 and 9.7 in 2020. 
When real price is assumed to increase, then the quantity demanded 
decreases over the projection period. When real price is assumed to be 
increasing by 1.5 percent per year, the demand for crude reaches 4.9 
billion barrels in 1980, 5.4 in 1985, 6.7 in 2000 and 6.2 in 2020. When 
the real price of crude is assumed to be increasing by 10 percent per 
year, the quantity demanded reaches 3.3 billion barrels in 1980 and 
2.8 in 1985. 
AIloT'^iTig for substitutions or crude petrcleum with ether sources 
of energy such as anthracite, uranium and bituminous and lignite (under 
alternative assumptions about the price of these sources of energy), 
the demand for crude petroleum decreases as low as 2.4 billion barrels 
by 1985 when new relative prices and technological innovations facilitate 
the substitution. 
The demands for the refined products were estimated because of their 
importance in determining the mix of products to be refined at any given 
period of time. The demand for crude petroleum, furthermore, can also 
be seen as the demand for refined products since crude petroleum is put 
into different uses only after it has been refined. The resulting long 
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run price and income elasticities of the demand for gasoline are found to 
be 0.54 and 0.07, respectively; for the demand of coke the long run 
price and income elasticities are found to be 0.01 and 0.59; for the 
demand of residual fuel 0.16 and 2.96, respectively. By using proxy 
variables for price, the long run price and income elasticities of the 
demand for was found to be 2.42 and 1.95; for the demand for still gas 
0.43 and 0.73, for the demand for road oil and asphalt 0.18 and 0.67 
and for the demand of distillate fuel 0.78 and 0.33, respectively. For 
the demand for kerosine no price is used and its long run income 
elasticity is found to be 4.36. The demand for petrochemical feedstock 
is found to have a long run income elasticity of 1.83 and a cross 
elasticity of demand with respect to the price of coal chemicals of 0.12. 
From the projections of the demands for refined products, it appears 
that the fastest growing demands within the period 1973 to 2000 are: 
the demand for gasoline, coke and roal oil and asphalt, which double by 
the year 2000 and the demands for wax, liguified fuel and petrochemical 
feedstock which triple by the year 2000. 
These results on the demand for crude petroleum and the refined 
products indicate that rising prices are already reducing demand 
substantially. Thus, arguments made for higher prices to ration existing 
supplies in the very short run seem will founded provided that distri­
butional effects, inflationary and depressive repercussions are widespread. 
Rationing, by institutional arrangements (such as coupon, manulatory 
fuel allocation, etc.) could possibly ellude the distributional effects 
and the inflationary repercussions. 
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In the short run and long run it is possible to get the effect of 
the substitutability of energy sources as the relative prices change 
and as the technological innovations for use become available. 
Regarding the physical supply of crude petroleum, reflected by the 
concept of proven reserves, it appears that its definition is in terms 
of very limiting economic and technological assumptions. Increased 
efficiency of recovery through technological advances (tertiary recovery) 
and higher prices (presently expected to reach $11 per barrel of crude) 
can increase the amount of proved reserves available by at least 10 
percent. 
The available supply of crude petroleum does not appear to respond 
positively to the level of prices. The supply of crude petroleum is 
estimated by assuming that the oil industry faces a portfolio decision 
in terms of borrowing, lending or increasing the rate of output. The 
supply equation is made a function of the interest rate, the existing 
pliysical reserves and the capital expenditures or the oil industry. The 
long run elasticity of the supply with respect to the reserves is found 
to be 0.48 and with respect to the capital expenditures 0.45. 
Under policies of self sufficiency the reserves needed in order to 
sustain a level of supply which can satisfy the existing demand, rise 
sharply reaching 104 billion barrels in 1985. When the efficiency of 
recovery is assumed to increase from 40 percent to 75 percent the 
reserves required by 1985 drop to 47 billion barrels. Under a free trade 
policy reserves necessary to sustain the required supply drop to 73 and 
33 billion barrels, respectively. Capital requirements under policies of 
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self sufficiency rise to 78 million dollars whereas under policies of 
free trade rise to 45 million dollars in 1985. 
The demand for imports of crude petroleum is estimated as a 
function of the interest rate, the import price, the domestic price and 
the level of domestic demand. The elasticity of the demand for imports 
with respect to the interest rate is found to be 0.49, with respect to 
the import price 1.71 and with respect to the domestic price of crude 
1.67. The import drain for 1980 with a prevailing import price of 10 
dollars per barrel is calculated to be 24 billion dollars and for 1985 
with a prevailing import price of 15.86 dollars per barrel of crude, 
the import drain reaches 55 billion dollars. 
The increased levels of reserves required under a policy of self 
sufficiency, suggest that the rationale of national security for 
restrictive imports leads to a more rapidly depleting stock of domestic 
reserves and possibly more dependence on foreign sources in the future, 
unless meanwhile ; subscicucion with new and mere plentiful resources 
and/or increased discovery rates can be achieved. It should be pointed 
out here also, that institutional arrangements such as the percentage 
depletion allowance may have the effect of stimulating the discovery 
of crude, but market prorationing arrangements may offset the effects 
of the percentage depletion allowance. 
By solving simultaneously the demand, supply and import equations 
for crude petroleum and by imposing the equilibrium condition that 
domestic supply plus imports must equal the quantity demanded, the 
future equilibrium prices are derived under alternative assumptions. 
In solution 1 where capital expenditures are held constant, proven 
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reserves are held constant and import price is assumed to be increasing 
by 10 percent per year, demand levels off with domestic supply at 3.4 
billion barrels when the import price reaches 30 dollars per barrel of 
crude and the domestic equilibrium price reaches about 20 dollars per 
barrel of crude, right before the year 2000. 
Solution 8, where capital expenditures are held constant and proven 
reserves are assumed to decrease by 3 percent per year and the import 
price is assumed to increase by 20 percent per year, the following 
results are obtained for the year 1980. Domestic supply and demand level 
off at 3.0 billion barrels and imports reduce to a very small amount, 
given the high elasticity of the demand for imports with respect to the 
import price. Indeed, the import price is at 12 dollars per barrel of 
crude and the domestic equilibrium price at 13 dollars per barrel of 
crude. 
It appears that increased efficiency of recovery of already known 
energy rssources ar.ô development o£ new sources cf energy viil both 
result in a decrease of the amount of imports as well as lower future 
equilibrium prices. Concerning the very short run, little can be done 
from the supply side except perhaps limited substitution of different 
sources of energy within their total availability and increased imports. 
In the short run it is possible to get the effect of the substituc-
ability of different energy sources as well as the possibility of 
expansion of already known sources of energy (for example secondary and 
testiary recovery). Efforts should focus on research geared to produce 
innovations in order to increase the efficiency of recovery, the 
efficiency of use, the possibilities cf substituting scarce with more 
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abundant energy sources and the efficiency of conversion from primary to 
secondary sources of energy. 
In the long run, the possibility of increasing the availability of 
energy resources may become reality provided that new technologies be 
generated for the development of new sources of energy. 
The conslutions reached above should be qualified by identifying 
some of the limitations of this study. The estimation of the demand 
for crude petroleum, although in some instances includes the refining 
capacity, is not specified in the form of a derived demand. Furthermore, 
the difficulty in obtaining data on prices and cost figures required the 
use of proxy variables in some of the equations of the demands of the 
refined products and for the absence of cost variables in the estimation 
of the supply of crude petroleum. In attempting to derive the demand 
of crude from the demands for refined products, the demands for refined 
products should be estimated by using the total amount of crude demanded 
as a constraint:. This would require a unique and different price for 
each of the demands for refined products. 
In addition, the conclusions reached depend upon some specific 
assumptions made in this study with respect to future behavior of some 
of the variables. In particular, the assumption of constant elasticities 
through the projection period to the year 2020 is not a realistic one. 
With respect to the corss elasticities of demand, the estimated values 
refer to the past. More information concerning future changes in 
technology and relative prices facilitating or impending substitution 
should be incorporated. 
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Since this study has provided the opportunity to establish data needs 
as veil as the possibility of applying different methodologies, further 
research is recommended in the following areas: 
1. More research is needed to provide information about the 
technical, economic and institutional feasibility of future 
substitutions among sources of energy. Specific information 
is needed regarding the feasibility and costs involved in 
changing the capital stock so that substitutions between 
sources of energy can take place. In this study, the 
assumptions concerning future prices of alternative sources 
of energy were made with no specific knowledge about changes 
in relative prices or changes of the magnitude of the cross 
elasticities. The availability of prices for all energy 
resources, costs of production and distribution associated 
with different energy industries and physical data concerning 
the envircnsental effects associated vith production and use 
of energy resources, become crucial. Particularly, more 
accurate data with respect to the financial statistics of the 
oil industry should become available before capital require­
ments and interrelationships among industries can be determined. 
2. The demand for crude petroleum should be estimated by recognizing 
its nature of derived demand. In particular the demand for 
crude petroleum could be derived from the estimation of the 
demand for refined products provided that estimation is 
constrained by the total amount of crude petroleum. Further­
more, a specification allowing for variable elasticities must 
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be used especially if the projections are for the 
long run. 
The demand for crude petroleum could also be estimated from 
the specification of a production function representing the 
refining process. Substitutability among inputs,though, should 
be constraint, especially with respect to the amount of crude 
and the other inputs. 
Estimation of the major demands, in a more disaggregated fashion 
and possibly estimation of the subdemands will shed light on 
specific elasticities of demand and regional patterns and 
differences which would be useful in planning for the future. 
The analytical framework developed in this study for 
appraising the interactions of the demand and the supply of 
energy as well as the interactions among demands for energy 
and the interactions among supplies of energy could be 
represented by a systems analysis- Such a system would 
provide the opportunity of a complete picture of the energy 
sector with its interrelationships. 
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CHAPTER VIII. SUMMARY 
The main objectives of this study are: 
1. to identify and estimate the major determinants affecting 
the present and future demands for atxd supply of energy 
resources; 
2. to develop an analytical framework for appraosing the 
interactions of the demand and the supply of energy resources 
as well as the interactions among demands for energy and 
the interactions among supplies of energy; 
3. to apply this framework to the U. S. petroleum market; 
4. to develop and appraise alternative policies aiming to bring 
together future demand supply; 
5. to outline further research needs, with priority attached 
to them. 
An analytical framework for appraising the interactions of the 
demand and the supply of energy resources as well as the iutra-actions 
among demands for energy and the intra-actions among supplies is 
developed. First, the interrelationships between the physical (or 
technological) economic and institutional data are recognized for their 
importance in planning for future energy resource availability to meet 
future demands. Then, the use linkages of the demand and supply are 
identified as follows: utilities, scarcities, disutilities and their 
measurement, substitutions, externalities and the optimizing elements 
where one or more resources can satisfy one or more demands. In 
particular, attention is placed on the concept of the concept of 
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entropy and the concept of decisions and their implications on the 
availability of energy resources. Induced technologies and induced 
institutions were recognized as important means for achieving a higher 
availability of energy resources. 
After identifying the major demands for energy resources, it was 
established that almost all demands and subdemands can be satisfied by 
all sources of energy and vice versa. In analyzing the qualitative 
demand for energy, it appears its nature is one of derived demand and 
that its determinants can be divided, although interrelated in economics, 
technological and institutional determinants. Price, income and prices 
of alternative sources of energy seem to be the major economic deter­
minants affecting the demand for a particular energy resource. The 
relative efficiency of utilization of energy resources, seems to be 
the most important technological determinant and environmental 
legislation the most important institutional determinant. 
In analysing the quantitative demand ; it appears that population 
becomes the major determinant. Past and present theories of population 
affect the expectations with respect to future demands for energy. 
Classical economists such as Adam Smith, David Richards and Thomas 
Maithus were cited, as well as the theories of neo-malthusians and of 
their opponents. In particular, attention was placed upon the review 
of a number of studies dealing with the present and projected demands 
for energy and the relative efficiency of utilization. 
Past projections of the demands for energy resources disregard the 
effects of prices which leads to overestimation of future demands. The 
estimates obtained in this study (where price is explicitely included 
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in the demand function) with respect to the future demand for crude 
petroleum are lower when assuming higher prices to prevail in the 
future. When relative prices with respect to alternative sources of 
energy are assumed to change, the future demand for crude petroleum 
decreases, even further, due to substitution of crude petroleum with 
other energy sources. 
With respect to the supply of energy resources, the concept of 
economic supply was differentiated from that of physical supply which 
refers to the physical existence of energy resources. Furthermore, 
the sources of energy were differentiated in terms of primary and 
secondary sources. Attention was mostly focused upon the primary sources 
of energy since the secondary ones are derived by utilizing some primary 
source of energy. 
After studying the physical availability of energy resources, their 
economic and institutional organization and their conversion efficiencies, 
it appears that the concept of proved reserves provides only an inventory 
of known deposits under limiting economic and engineering assumptions. 
Increased efficiency of recovery through technological innovations and 
changing costs and prices can increase the amount of proved reserves 
available. From the specific energy resources studied, coal existing 
abundanr supply provided sulfur can be removed in an economic nay. 
Uranium, Thorium and deuterium have the potential of satisfying a large 
portion of the demand for energy if research efforts are dedicated to 
the development of safe breeder reactors and to nuclear fusion. Shale 
Oil can also become a viable alternative to petroleum and natural gas 
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with higher prices of energy forthcoming. Geothermal heat, solar radiation 
and wind, seem to be worthy of special attention because of their 
characteristic of being flc\^ resources. 
The u. S. petroleum market is chosen for the application of the 
analytical framework developed. The demand for crude petroleum is 
estimated with time series data for the period 1959-1972, with different 
models. The static specification of demand has a long run elasticity of 
0.60 with respect to the price of crude petroleum and 0.05 with respect 
to per capita real income. The price of anthranite, natural gas, 
bituminous and lignite and uranium are introduced in the demand function 
and the following cross elasticities are derived, 0.03 with respect 
to the price of uranium, 0.07 with respect to the price of anthranite 
and 0.0004 with respect to the price of bituminous and lignite. The 
cross elasticity of the demand for crude petroleum with respect to the 
price of natural gas is found to be 0.08 with a negative coefficient 
suggesting complementarity with crude petroleum. 
The supply of crude petroleum is estimated by assuming that the 
petroleum industry has the choice of borrowing, lending or increasing 
the rate of production, depending upon the difference between the 
interest rate and the rate of increase in the price of crude. The 
supply of crude has an elasticity cf 0.68 with respect to the physical 
reserves and 0.45 with respect to the capital expenditures. An import 
equation is also estimated by assuming that the demand for imports is 
a function of the price of imported crude, the domestic price of crude, 
the interest rate and the total demand of crude. The results show 
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that the elasticity of the function with respect to the import price 
is 1.71 and with respect to the domestic price 1.67. 
The demand equation is projected under alternative assumptions for 
the years 1973, 1980, 1985. 2000 and 2020. The results obtained show, 
a decreasing per capita demand and level of demand when real price of 
crude is assumed to be increasing. By allowing the real price of crude 
petroleum to increase by 10 percent per year, the demand for crude 
reached 2.8 billion barrels by 1985. Allowing for substitutions of 
crude petroleum with other sources of energy, such as anthranite, 
uranium and bitunincus and lignite, the demand for crude reduces to 
2.4 billion barrels by 1985. 
By utilizing the supply and demand equations, the reserve require­
ments and capital requirements under policies of selfsufficiency and 
policies of free trade are derived. For 1985, physical reserved needed 
rise to 104 billion barrels and capital requirements to 78 million 
dollars. Under free trade, the necessary physical reserves reduce to 
73 billion barrels in 1985 and to 33 billion barrels when the efficiency 
of recovery is assumed to double. The import drain rises to 55 billion 
dollars in 1985. 
The demands for the refined products are estimated because of 
their ispcrtancc in determining the necessary mix of products to be 
refined at any given period of tise. Since the demand for crude 
petroleum can also be seen as demand for refined products, since crude 
petroleum is put into different uses, only after it has been refined, 
it is possible to derive the demand for crude from the estimated demands 
for refined products. The demands for the refined products are also 
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projected to the year 2020 under alternative assumptions. The fastest 
growing demands with the period 1973 to 2000 are: the demand for gasoline, 
coke and road oil and asphalt which double by the year 2000 and the 
demands for wax, liquified fuel and petrochemical feedstock which 
triples by the year 2000. 
The summation of the demands for refined products minus the natural 
gas liquids and lease condensate predicted the demand for crude for 1973. 
The operation is not carried further because of the apparent lack of 
consistent estimation of the demands for refined products constrained 
by the total demand for crude. 
The demand, supply and imports of crude are solved simultaneously 
through successive iterations by imposing the equilibrium condition that 
demand must equal imports plus domestic supply. The equilibrium prices 
for the period 1973-2020 are derived under alternative assumptions about 
the import price, population, per capita real income, rate of increase 
or the wholesale price index, physical reserves and crude petroleum 
and the capital expenditures of the oil industry. 
Lastly, data needs and suggestions for future research are indicated. 
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APPENDIX A. UNITS OF MEASUREMENT AND CONVERSIONS 
No definite quantity can be assigned to the energy flows into and 
out of the earth's surface environment, because we are confronted not 
with a fixed quantity of energy but a continuous flux of energy from the 
various sources, at nearly constant rates. The rate of energy flux is 
called power. It is defined by: 
amount of energy processed 
power time during which processing occurs 
In the MKS (Meter for length. Kilo for mass. Seconds for time) 
system of units, energy is measured in Joules and power in Watts (W). 
IW Sec. 
It is customary to measure the energy content of fuels in British 
Thermal Units (BTU), the energy content of foods and chemical substances 
in Kilocalories (Kcal or Cal) and the amounts of electrical energy in 
Kilowatt-hours (KWh). 
However, one set of units can as well be used for all applicatioiis, 
and relationships are made much clearer by doing so. The BTU will be 
used as a common measure. 
A BTU is the amount of heat required to raise the temperature of 
one pound of water one degree Fahrenheit. The BTU is a very small unit 
of measurement, thus, the energy contents are expressed in trillions of 
BTU's. Table A.1 presents the BTU equivalents of common fuels as well 
as the conversion factors of common measures. 
'.Cable A.l, The BÏIJ equivalents of common fuels and conversion factors 
IJTU equivalents of common fuels 
Fuel 
Crude oil 
Natural gas 
Coal 
Electricity 
Shale oil 
Geothermal 
Uranium 
(total contained energy) 
(energy available with 
present technology) 
Common, measure 
Barrel (Bbl) 
Cubic foot (CF) 
Short ton 
Kilowatt Hour (KWh) 
Barrel (bl) 
1,000 gram calories 
Short ton U^Og 
Short ton U^Og 
BTU's 
5,800,000 
1,032 
24,000,000 to 28,000,000 
3,412 
5,800,000 
4.0 
60 trillion 
0.5 trillion 
Conversion factors a 
Enerp.v BTU 
1 British thermal unit = 1 
1 foot-pound = 1.285x10 
1 Joule = 9.481x10 
1 Kilocalorie = 3.968 
1 Kilowatt-hour - 3413 
Kcal KWh 
-3 
-4 
777.9 
1 
0.7376 
3086 
2.655x10^ 
1055 
1.356 
1 
4184 
3.6x10 
0.2520 
3.240x10" 
2.390x10* 
1 
860.2 
2.930x10 
3.766x10' 
2.778x10' 
1.163x10" 
1 
^Sources: Short ley, G. and Willi«ms, D. "Elements of Physics" 5th edition, Prentice Hall, Inc, 
Englewood Cliffs, N.J., 1971. Hubert I:, Risser, "The U.S. Energy Dilemna: the gap between today's 
requirements and tomotrow's potential," Illinois State Geological Survey, Illinois, 1973. 
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APPENDIX B. DATA SOURCES 
The quantities demanded and supplied of crude petroleum were taken 
from the "Annual Statistical Review" published by the Division of Sta­
tistics and Economics of the American Petroleum Institute. The respec­
tive quantities are reported in thousands of 42 gallon barrels. 
Population figures used to compute per capita magnitudes were taken 
from the "Statistical Abstract of the United States" published by the 
U.S. Department of Commerce, U.S. Bureau of the Census. 
Income figures were taken from the "Statistical Abstract of the 
United States" published by the U.S. Department of Commerce, U.S. Bureau 
of the Census. 
Crude petroleum reserves are the proved reserves at the beginning 
of the year, published in "Petroleum facts and figures" of the American 
Petroleum Institute. The figures are reported in 42 gallon barrels. 
Capital expenditures of the petroleum industry were represented by 
Domestic Production Expenditures in fixed assets. The figures were 
computed and indexed with 1960 as the base year, from the publication 
"Financial Analysis of a Group of Petroleum Companies"' of the Energy 
Economics Division of the Chase Manhattan Bank. 
Imports of crude petroleum were compiled from the "Yearbook of Inter­
national Trade Statistics" of the United Nations. The S.I.T.C. (Standard 
International Trade Classification) number used was 331.01 and the fig­
ures were converted to 42 gallon barrels from the original metric tons. 
The price of gasoline is the average price for regular grade gaso­
line (cents per gallon) at the service station including tax. The price 
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of kerosene is the wholesale price and is represented in terms of cents 
per gallon. The prices of light fuel and heavy fuel are also wholesale 
prices and are represented in terms of cents per gallon. These prices 
are reported ia "Piatt's Oil Price Handbook and Usage" which is published 
by McGraw Hill, Inc. 
The quantity demanded of gasoline, liquified fuel, coke, feedstock, 
residual fuel, lubricants, distillate fuel, wax, still gas, kerosene, 
roal oil and asphalt is in 42 gallon barrels and was taken from the 
"Minerals Yearbook" of the Bureau of Mines. 
The price of liquified fuel is in cents per gallon and was taken 
from the "Minerals Yearbook" of the Bureau of Mines. The price used is 
for programs in the New York Harbor/Philadelphia, and it was indexed with 
1960 as the base year. 
The price of coal chemicals is computed as a per unit price from 
information about the value (f.o.b. mines) and quantity (short-tons) 
reported in the "Minerals Yearbook" cf the Bureau of Mines. The figures 
were indexed with 1960 as the base year. 
The price of residual fuel was taken from the "Minerals Yearbook" 
of the Bureau of Mines. The figures used represent the price of No. 5 
fuel oil at the New York Harbor and they were indexed with 1960 as the 
base year. 
The price of imports of crude petroleum was computed as a per unit 
price from the value (f.o.b.) and quantity figures reported in the "Year­
book of International Trade Statistics" of the United Nations. 
The domestic price of crude petroleum represents the price at the 
well and was deflated by the wholesale price index when used in the 
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demand and supply equations and was indexed with base year 1960 when used 
in the import equation. The price figures were taken from the "Mineral 
Yearbook" published by the Bureau of Mines. 
The interest rate was used in the estimation of the supply of crude 
petroleum. The figures used are the price commercial paper 4 to 6 months 
reported by the Board of Governors of the Federal Reserve System in the 
"Federal Reserve Bulletin." 
The price of natural gas is the value at the wellhead and was indexed 
with base year 1960 when used as an absolute price. The figures were 
taken from the "Minerals Yearbook" published by the Bureau of Mines. 
The prices of anthracite and of bituminous and lignite were computed 
as per unit prices from value and quantity (short-ton) figures reported 
in the "Minerals Yearbook" of the Bureau of Mines. The prices were in­
dexed with 1960 as the base year when used as absolute prices. 
The price of uranium (U^Og) is fixed by the Atomic Energy Commission 
s.nd is reported in dollars per in the "Minerals Yearbook" of the 
Bureau of Mines. The price of uranium was indexed with 1960 as the base 
year. 
The price of lubricants was taken from the "Minerals Yearbook" of the 
Bureau of Mines. The figures used represent the price of lubricants with 
200 viscosity, at 100, 0-10 pour test, 95 V.I. at East Coast and they were 
indexed with 1960 as the base year. 
The refining capacity for crude petroleum was obtained from the 
"Annual Statistical Review" of the American Petroleum Institute and 
represents bands per year of operating and operable capacity. 
225 
The refining capacity for gasoline refers to cracking, reforming, 
coking, and alkylation and was obtained from the "Annual Statistical 
Review" of the American Petroleum Institute. The figures are in bands per 
year and represent operating and operable capacity. 
The wholesale price index and the consumer price index were computed 
from the "Statistical Abstract of the United States" published by the 
Bureau of the Census by converting the figures to 1960 base year. 
The T variable represents a linear time trend with base year 1959 = 1. 
The 1972 figures for prices and quantities were collected by personal 
contact from the U.S. Bureau of Mines, 
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APPENDIX C. SOLUTIONS FROM THE SUCCESSIVE ITERATIONS 
In order to solve for the equilibrium prices of crude petroleum by 
solving simultaneously the demand, supply and import equations with the 
restriction of S + M = D a computer algorithm of successive iterations 
was developed. The algorithm is presented in Figure C.l where E(p) 
represents excess supply in the Walrasian sense.^ 
The eight solutions obtained by using alternative assumptions are 
presented in the following eight tables along with the specific assump­
tions made about the independent variables. The meaning of the symbols 
used is as follows: S is domestic supply, D is demand, M is imports. 
Excess is the difference between demand and supply unaccounted for, I 
is the interest rate, R is proved reserves of crude, K is the capital 
expenditures of the oil industry, PM is the import price, Y is per capita 
real income, P is the equilibrium price, POP is the population, is 
per capita demand and PP is the wholesale price index. The figures are 
expressed in barrels or dollars. 
I 
"The rectangle indicates a process, the diamond shape indicates 
decision, the parallelogram indicates input/output and the circles 
indicate connections. 
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—equxlxbr j.< 
I price 
last period 
E(PJ:0 START 
n1/ 
E(P,)=0 P =P STOP 
I.IP 
STOP 
Figure C.l, The algorithm for successive iterations 
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STOP 
E(P,)>0 
I 
STOP 
Figure C.l. Continued 
Table C . 1 .  Solution No. 1^ 
a. Per capita real income : increasing by TL per year 
b. Wholesale : increasing by 5% per year 
c. Population: increasing by 1.1% per year 
d. Capital expenditures : constant 
e. Proved reserves : constant 
f. Intereat rate: constant 
g. Import price: increfi£iing by 10% per year 
h. Capacity of refi.ning: incre£.£iing by 4% per year 
1973 1980 1985 
S 3,373,523,000 3 ,373,523,000 3 ,373,523,000 
D 4,236,718,000 4,137 ,595,000 3 ,684,909,000 4,069 ,371,000 3 ,543,210,000 4,022 ,971,000 
M 862,303,600 764 ,251,100 311,190,800 695 ,238,100 169,384,300 649 ,921,500 
Excess 11,008 + 179,456 - 195,072 - 609,792 - 302,848 + 493,312 
I 4.67 4.67 4.67 
R 36,339,000,000 36 ,339,000,000 36 ,339,000,000 
K 36,913,000 36,913,000 36,913,000 
PM 3.03 5.91 9.53 
Y 3,98:3 4,575 5,051 
P 4.15 4.04 6.57 8.72 8.69 15.09 
POP 24,139,200 227,942,800 240,758,100 
Dper 20.06 19.59 16.16 17.85 14.71 16.70 
pp 125.0.') 175.96 224.58 
Import 
drain 2,613,022,303 1,839,137,698 1,614,232,379 
Capacity 4,976,699,000 6,548,992,000 7,661,391,000 
2000 2020 
S 3 ,373,523,000^ 3 ,373,523,000 
D 3 ,410,548,000 3,904, 976,00CF 3 ,379,177,000 3,784,081,000 
M 36,806,100 532, 354,600 5,510,906 409,851,100 
Excess - 219,392 + 901,632 - 143,872 - 706,560 
I 4.67 4.67 
R 36 ,339,000,000 36 ,339,000,000 
K 36,913,000 36,913,000 
PM 39.80 267.77 
Y 6,798 10,102 
P 20.52 77.52 60.86 677.42 
POP 283,690,900 353,070,800 
Dper 12.02 13.76 9.5 10.17 
PP 466.88 1,238.79 
Import 
drain ]. ,464,889,780 1 ,475,653,693 
Capacity 14,349, 630,000 31,441,580,000 
uThe actual price in 1973 was 3.89 dollars per barrel of crude petroleum. 
The estimates are obtained with equation 2 in Chapter V. 
^The estimates are obtained with equation 5 in Chapter V. 
Table C ,2. Solution No. 2 
a. Per capita real income: increfiHing by 2% per year 
b. Wholesale : incretiHing by 5% per year 
c. Population: increfiH ing by 1.1% per year 
d. Capital expenditures : increasing by 5% per year 
c. Proved reserves : constant 
f. Interest rate: constant 
g. Import price: increasing by 7% per year 
h. Capacity of refining: Increasing by 4% per year 
1973 1980 1985 
S 3 ,449,620,000 4 ,032,607,000 4,508,418,000 
D 4 ,317,012,000 4,265 ,169,000 4 ,848,259,000 5,197,267,000 5,351,829,000 6,014,800,000 
M 867,769,100 815 ,044,400 816,071,700 1,164,340,000 844,172,300 1,506,324 
Excess + 376,832 - 504,320 + 417,792 - 323,584 + 757,760 - 5/,344 
I 4.67 4.67 4.67 
R 36 ,339,000,000 36 ,339,000,000 36,339,000,000 
K 38,756,107 40,695,380 69,603,077 
I'M 2.95 4.74 6.65 
Y 3,983 4,575 5,051 
P 3.90 3.85 5.40 5.82 6.92 7.76 
POP 211,139,200 227,942,800 240,758,100 
Dper 20.44 20.20 21.26 22.80 22.22 24.98 
pp 125.05 
Import 
drain 2,559,921,235 
Capacity 4,976,699,000 
2000 
S 6 ,300,000,000 
D 7 ,263,666,000 9 ,617, 506,000 
M 962,705,400 3 ,318, 137,000 
)ixces8 - 954,368 + 638,976 
1 4.67 
R 36 ,339,000,000 
K 144,701,205 
PM 18.35 
Y 6,793 
P 14.56 17.49 
POP 283,690,200 
Dper 25.60 33.90 
PP 466.88 
Import 
drain 17 ,665,644,090 
Capacity 14 ,349, 630,000 
175.96 224.58 
3,868,179,858 5,613,745,795 
6,548,992,000 7,661,391,000 
2020 
9,842,180,000 
11,024,920,000 19,902,370,000 
1,182,818,000 10,059,880,000 
+ 69,632 - 315,392 
4.67 
36,339,000,000 
383,941,277 g 
71.01 
10,102 
39.16 43.65 
353,070,800 
31.22 56.36 
1,238.79 
83,991,906,180 
31,441,580,000 
Table G .3. Solution No, 3 
a. Per capita real income: 
b. V/holesale; 
c. Population: 
d„ Capital expenditures: 
e. Proved reserves: 
t". Interest rate: 
g. Import price: 
h. Capacity of refining: 
increasing by 2% per year 
increasing by 5% per year 
increasing by 1.1% per year up to 3E9 
increasing by 5% per year 
decreasing by 3% per year 
constant 
increasing by 20% per year 
increasing by 4% per year 
1973 1980 1985 
S 3 ,400,975,000 3,599,480,000 3 ,748,325,000 
I) 4 ,169,677,000 4,052 ,058,000 3,687,681,000 3,801 ,889,000 3 ,775,096,000 
M 769,105,900 650 ,524,200 88,140,460 202 ,409,100 27,141,250 
Excess + 404,224 - 558,592 - 60,928 0 + 370,432 
I 4.67 4.67 4.67 
II 35 ,280,590,000 28,686,380,000 24 ,745,140,000 
K 38,758,508 54,537,037 69,603,077 
PM 3.31 11.86 29.53 
Y 3,983 4,575 5,051 
P 4.37 3.24 6.31 9.76 8.19 
POP 211,139,200 227,942,800 240,758,100 
Dper 12.74 19.19 16.17 16.67 15.68 
PP 125.05 175.96 224.58 
3,838,518,000 
90,640,050 
+ 446,464 
16.31 
15.94 
2000 
s 4 ,232,823,000 
D 4 ,233,870,000 4,241 ,909,000 
M 9 957,76% 8 ,466,523 
Excess - 89,856 - 620,032 
I 4.67 
R 15 ,882,990,000 
K 144,703,605 
PM 45.49 
Y 6,798 
P 18.44 67.61 
POP 283,690,200 
Dper 14.92 14.95 
PP 466.08 
w 
w 
§ 
Table C.4. Solution No. 4 
a. Per capita real income: increasing by 2% per year 
b. Wholesale : increasing by 5% per year 
c. Population: increasing by 1.1% per year up to 3E9 
d. Capital expenditures: increasing by 5% per year 
e. Proved reserves : decreasing by 3% per year 
f. Interest rate : constant 
g. Import price : PM = P 
h. Capacity of. refining; incres.îiing by 4% per year 
1973 1980 1985 
S 3 ,400,975,000 3 ,599,480,000 3,748,325,000 
D 4 ,093,196,000 4,103,547,000 4 ,248,919,000 4,210,786,000 4,365,844,000 4,341 ,260,000 
M 693,177,300 703,073,300 649,765,900 630,524,700 618,514,900 592 ,220,900 
Excess + 956,160 + 500,736 + 326,656 + 409,856 + 995,328 - 716,800 
I 4.67 4.67 4.67 
R 35 ,280,590,000 28 ,686,380,000 24,745,140,000 
K 38,758,508 54,537,037 69,603,077 
PM 4.65 5.92 7.78 
Y 3,983 4,575 5,051 
P 4.65 4.10 5.92 8.18 7.78 13.31 
POP 211,139,200 227,942,800 240,758,100 
Dper 19.38 19.43 18.64 18.55 18.13 18.03 
PP 125.05 
Import 
drain 3,223,274,445 
Capacity 4,976,699,000 
2000 
S 4,232,823,000 
D 4,784,755,000 4,738,712,000 
M 551,798,500 506,644,700 
Excess 135,16» + 753,664 
I 4.67 
R 15,882,990,000 
K 144,703,60.') 
PM 17.7% 
Y 6,793 
P 17.72 56.30 
POP 283,690,200 
Dper 16.86 16.70 
PP 466.88 
Import 
drain 9,777, 69,420 
Capacity 14,349,630,000 
175.96 224.58 
3,846,614,128 4,812,045,922 
6,548,992,000 7,661,391,000 
2020 
4,977,586,000 
5,870,973,000 
893,711,900 
+ 323,584 
4.67 
8,794,019,000 
383,941,277 
46.27 
10,102 
46,27 
302,935,000 
19.38 
1,238.79 
5,746,127,000 
768,033,300 
- 507,904 
263.84 
18.96 
N) 
W 
41,352,049,610 
31,441,580,000 
Table C ,5. Solution No, 5 
a. Per capita real income: 
b. Wholesale: 
c. Population: 
d. Capital expenditures: 
e. Proved reserves: 
f. Interest rate: 
g. Import price: 
ho Capacity of refining: 
increasing by TL per year 
increasing by 5% per year 
increasing by 1.1% per year up to 3E9 
increasing by 5% per year 
decreasing by 3% per year 
constant 
PM = 1.4P 
increasing by 4% per year 
1973 1980 1985 
S 3 ,400,975,000 3 ,599,480,000 3,748,325,000 
D 3 ,666,707,000 3,670,653,000 3 ,865,365,000 3,858,899,000 4,008,708,000 4,000 ,483,000 
M 265,443,200 270,146,300 265,960,400 259,075,000 261,073,700 251 ,708,900 
KKCCSS - 288,760 + 467,712 + 752,640 - 344,320 + 690,176 - 499,536 
I 4.67 4.67 4.67 
R 35 ,280,590,000 2.8 ,686,380,000 24,745,140,000 
K 38,750,508 54,537,037 69,603,077 
PM 7.25 6.59 8.66 
Y 3,983 4,575 5,051 
P 6.60 4.93 6.08 9.52 7.99 15.23 
POP 211,139,200 227,942,800 240,758 
Dper 17.36 17.38 16.95 16.92 16.65 16.61 
PP 
Import 
drain 
125.05 
1,924,463,200 
2000 
S 4,232,823,000 
D 4,481,679,000 4 ,464, 828,000 
M 248,874,500 232, 196,000 
Kxcess + 16,384 + 188,416 
I 4.67 
R 15,882,990,000 
K 144,703,605 
PM 19.61 
Y 6,798 
P 18.09 62.13 
POP 283,690,200 
Dper 15.79 15.73 
PP 466.88 
Import 
drain 4,880,498,945 
175.96 224.58 
1,752,679,036 2,260,898,842 
2020 
4,977,586,000 
5,344,514,000 5,307,367,000 
366,308,900 329,014 
- 622,592 - 770,048 
4.67 
8,794,019,000 
383,941,277 
52.46 
10,102 
48.40 300.83 
302,935,000 
17.64 17.51 
1,238.79 
19,216,564,890 
Table C.6. Solution No. 6 
a. Per capita real income: increasing by 2% per year 
b. Wholesale price index: increanlng by 5% per year 
c. Population: increasing by 1.1% per year 
d. Capital expenditures: constant 
e. Proved reserves : decreasing by 3% per year 
f. Interest rates: constant 
g. Import price : increasing by 5% per year 
h. Capacity of refining; 
1973 1980 1985 
S 3,325,951,000 3,011,186,000 2,804,765,000 
D 4,252,201,000 4,155,717,000 3,606,914,000 4,385 ,714,000 3,198,594,000 4,840,845,000 
M 926,700,300 829,865,200 595,713,000 1,373 ,772,000 394,215,200 2,035,939,000 
Elxcess + 450,048 + 99,328 - 14,592 - 757,760 + 386,304 - 143,360 
I 4.67 4.67 4.67 
R 35,280,590,000 28,686,380,000 24,745,140,000 
K 36,913,000 36,913,000 36,913,000 
PM 2.89 4.07 5.20 
Y 3,983 4,575 5,051 
P 4.10 4.44 6.89 7.71 9.47 11.12 
POP 211,139,200 227,942,800 240,758,100 
Dper 20.13 19.68 15.82 
PP 125,05 175.96 
Import 
price 2,678,163,867 2,424,551,910 
2000 
S 2 ,266,588,000 
D 2 ,412,520,000 11,229 ,760,000 
M 146,708,100 8,963 ,793,000 
Jîxcess + 775,680 + 662,592 
I 4.67 
R 15 ,882,990,000 
R 36,913,000 
m 10.81 
Y 6,798 
P 24.44 13.54 
POP 283,690,200 
Dper 8.50 39.58 
PP 466.88 
Import 
price 1 ,585,914,561 
19.24 13.83 20.10 
224.58 
2,049,919,040 
N 
W 
Table G ,7. Solution No. 7 
a. Per capita real income; 
b. Wliolesfile: 
c. Population: 
d. Capital expenditures: 
e. Proved reserves: 
f. Interest rate: 
g. Import price: 
h. Capacity of refining: 
increasing by 2% per year 
increasing by 5% per year 
increasing by 1.1% per year 
constant 
decreasing by 3% per year 
constant 
increasing by 7% per year 
increasing by 4% per year 
1973 1980 1985 
S 3 ,325,951,000 3,011,186,000 2 ,804,765,000 
D 4 ,232,758,000 4,126,821,000 3,412,190,000 4,021,164,000 3 ,026,171,000 4,006 ,056,000 
M 906,200,600 800,305,100 401,110,000 1,010,116,000 221,929,100 1,160 ,983,000 
Kxcess - 606,464 - 564,992 + 105,984 137,728 + 523,264 •• 902,400 
I 4.67 4.67 4.67 
R 35 ,280,590,000 28,686,380,000 24 ,745,140,000 
K 36,913,000 36,913,000 36,913,000 
PM 2.9.') 4.74 6.65 
Y 3,983 4,575 5,051 
P 4.16 4.06 7.09 8.90 9.65 15.18 
POP 211,139,200 227,942,800 240,758,100 
Dper 20.04 19.54 14.96 17.64 12.56 16.65 
PP 125.05 
Import 
drain 2,673,291,770 
Capacity 4,976,699,000 
2000 
S 2 ,266,588,000 
D 2 ,319,901,000 4,426 ,592,000 
M 52,939,950 2,159 ,020,000 
Excess - 373,504 - 987,136 
I 4.67 
R 15 ,882,990,000 
K 36,913,000 
PM 18.35 
Y 6,798 
P 24.71 63.01 
POP 283,690,200 
Dper 8.17 15.60 
PP 466.80 
Import 
drain 971,448,082 
Capacity 14,349,630,000 
175.96 224.58 
1,901,261,400 1,475,828,515 
6,548,992,000 7,661,391,000 
2020 
1,706,108,000 
1,715,174,000 
9,271,220 
+ 205,056 
4.67 
3,794,019,000 
36,913,000 
71.01 
10,102 
86.32 
353,070,800 
4.85 
1,238.79 
7,616,831,000 
5,909,746,000 
- 978,944,000 
213.32 
21.57 
to 
w 
5 
658,349,332 
31,441,580,000 
Table C,8. Solution No. 8 
a. Per capita real income: increaii Lng by 2% per year 
b. Wholesale : increasing by 5% per year 
c. Population: increasing by 1.1% per year 
d. Capital expenditures: constant 
e. Piroved reserves : decreasing by 3% per year 
f. Interest rate : constant 
g. Import price: increasing by 20% per year 
h. Capacity of refining: increasing by 4% per year 
1973 1980 1985 
S 3 ,325,951,000 3,011,186,000 2 ,804,765,000 
D 4 ,116,998,000 3,968,145,000 3,071,837,000 3,194,719,000 2 ,817,983,000 2,882,442,000 
M 790,933,000 643,024,100 59,811,970 183,812,500 13,752,000 77,343,040 
ExceHS - 114,176 + 830,464 - 838,912 279,040 + 533,248 - 333,824 
I 4.67 4.67 4.67 
R 35 ,280,590,000 28,686,380,000 24 ,745,140,000 
K 36,913,000 36,913,000 36,913,000 
PM 3.31 11.86 29.53 
Y 3,983 4,575 5,051 
P 4.56 4.33 7.19 13.01 9.75 26.18 
POP 211,139,200 227,942,800 240,758,100 
D^ier 19.49 18.79 13.47 14.01 11.70 11.97 
PP 125.05 175.96 224.58 
2000 
S 2,266,580,000 
D 2,267,602,000 2,272,513,000 
M 197,530 5,992,226 
Exceas •• 016,896 + 67,320 
I 4.67 
R 15,082,990,000 
K 36,913,000 
PM 45.49 
Y 6,798 
P 24.74 189.56 
POP 283,690,200 
Dper 7.99 8.01 
PP 466.88 
ho 
W 
